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IMPROVING MATH AND SCIENCE EDUCATION 
SO THAT NO CHILD IS LEFT BEHIND 



MAY 2, 2001 

House of Representatives, 

Subcommittee on Research, 

Committee on Science, 

Washington, DC, 

The Subcommittee met, pursuant to call, at 2:10 p.m., in the 
Rayburn House Office Building, Hon. Nick Smith [Chairman of the 
Subcommittee] presiding. 

Chairman Smith. Research will come to order. Today the House 
Science Subcommittee on Research meets to discuss the improve- 
ment of K through 12 math and science education and some pos- 
sible roles the National Science Foimdation might play in that ef- 
fort. . , 

The most recent results from the Trends in Mathematics and 
Science Study, the TIMSS, show that our efforts to improve U.S. 
math and science education have had some successes but overall 
have been ineffective in rsdsing U.S. performance from the middle- 
of;the-pack position. 

There are some particular successes that I would also like to be 
allowed to mention, and one of those is Michigan, which achieved 
the top U.S. state scores in both math and science, and there truly 
are many bright spots on the rather dim U.S. education horizon in 
this area but there is no question that we need to. work harder to 
make the top performers the norm and not the exception. 

The President’s plan to improve education. No Child Left Behind, 
certainly the math and science partnership initiative, highlights 
the importance of partnerships ' between K through 12 schools and 
institutions of higher education in leading the math and science 
education reform effort. As part of that plan the President charged 
the National Science Foimdation with the responsibility of imple- 
menting and managing a Math and Science Partnership Initiative. 
Today we will examine the role of various kinds of partnerships in 
education reform by hearing from those that have experience in 
this area and can be of great help as we try to formulate how we 
best move ahead in this venture to improve math and science edu- 
cation. 

Our witnesses today are among the nation leaders in math and 
science education reform. They represent a diversity of stake- 
holders and participants including K through 12 schools, institu- 
tions of higher education, and industry leaders who have made a 
significant local impact and who have established national models 

( 1 ) 
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of excellence in science and mathematics education reform. While 
each of their programs is unique they are all firmly groimded in 
the belief that successful reform is dependent upon strong partner- 
ships that engage and enable researchers and practitioners of 
science, mathematics, and education. 

^d I ^ght say there is some evidence that teachers with more 
training in math and science than required for their teaching cer- 
tificate are often more effective in teaching their own students 
math and science. The Philadelphia Collaborative for Excellence in 
Teacher Preparation, for example, demonstrated that the students 
of these teachers achieved higher schools on standardized testing 
than students taught by teachers who graduated fi-om traditional 
teacher training programs. 

Today I am interested in hearing about our witnesses’ efforts in 
education reform. I hope you as our witnesses will provide us with 
details and directions regarding some of the key elements pivotal 
to the successes you have seen and the danger spots that we might 
encoimter. Through our exploration in these efforts perhaps we will 
better imderstand what works and how best to make it more 
broadly applicable across the United States. 

I would like to also point out that the Subcommittee will meet 
again next week to examine education research in depth, an issue 
related to the topic that we will also discuss today. 

I want to thank our witnesses for appearing with us today, and 
I look forward to your testimony, and the Chair would now — I in- 
tend to recogmze the Ranking Member, Eddie Bernice Johnson, 
and then I will recognize the Chairman of our Committee for a 
statement, and then Dr. Ehlers, if you would like to make a short 
statement, and we will proceed as quickly as we can to not detract 
from the time we have with our witnesses. And with that I would 
turn it over to our Ranking Member for her statement. . 

[The prepared statement of Nick Snuth follows:] 

Prepared Statement of Chairman Nick Smith 

Today the House Science Subcommittee on Research meets to discuss the im- 
provement of K— 12 math and science education and some possible roles the National 
Science Foundation might play in that effort. 

The most recent results firam the Trends in Mathematics and Science Study 
(TIMSS) show that our efforts to improve U.S. math and science education have had 
some successes, but overall have been ineffective in raising U.S. performance from 
its middle-of-the-pack position. 

There are some successes that I would like to highlight^ however, including my 
own state of Michigan, which achieved the top U.S. scores in both math and science. 
There truly are bright spots on the rather dim U.S. education horizon, but we need 
to work harder to make the top performers the norm and not the exception. 

The President’s plan to improve education. No Child Left Behind, highlights the 
importance of partnerships between K— 12 schools and institutions of higher edu- 
cation in leading the math and science education reform effort. As part of that plan, 
the President charged NSF with the responsibility of developing, implementing, and 
mana^g a Math and Science Partnersmps Initiative. Today we’ll examine the role 
of various kinds of partnerships in education reform by hearing from those with ex- 
perience using them. 

Our witnesses today are among the nation’s leaders in math and science edu- 
cation reform. They represent a diversity of stakeholders and participants including 
K-12 schools, insti^tions of higher education, and industry leaders who have made 
a sigmficant local impact and who have established national models of excellence 
in science and mathematics education reform. While each of their programs is 
umque, they are all firmly grounded in the belief that successful reform is depend- 
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ent upon strong partnerships that engage and enable researchers and practitioners 
of science, mathematics and education. 

Fm interested in hearing about our witnesses’ efforts in education reform and 
hope theyTl provide us with details and direction regarding some of the key ele- 
ments pivotal to their success. Through our exploration of these efforts, perhaps we 
will better imderstand what works and how best to duplicate it. 

I should also point out that the Subcommittee will meet again next week to exam- 
ine education research in depth, an issue related to the topic well discuss today. 

I want to thank the witnesses for appearing today, and I look forward to your tes- 
timony. 

[Witness List and Hearing Charter follows:] 
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HEARrNG CHARTER 

SUBCOMMnTEE ON RESEARCH 
COMMITTEE ON SCIENCE 
U.S. HOUSE OF REPRESENTATIVES 

Improving Math and Science Education So That 
No Child Is Left Behind 

WEDNESDAY, MAY 2, 2001 
’2:00 P.M.-4:00 P.M. 

2318 RAYBURN HOUSE OFFICE BUILDING 



I. Purpose 

On Wednesday, May 2, 2001 at 2:00 p.m., the House Science Committee's Sub- 
committee on Research will hold a hearing on possible roles for the National Science 
Foundation in improving K— 12 math and science education. Witnesses will comment 
on the role of institutions of higher education, private industry, and other organiza- 
tions in working with State £uid local school systems to bring about positive change 
in the nation's 8-12 classrooms. 

n. Background 

, In his proposal for reforming K—12 education in the U.S., No Child J^ft. Behind, 
President Bush laid out a comprehensive agenda for improving the nation's K-12 
schools. Included in his package of proposed reforms was a call for partnerslups be- 
tween institutions of higner education £uid K-12 schools aimed at stren^heniim the 
quality of math and science instruction in elementary and secondary schools. Types 
of partnership activities addressed in No Child Left Behind included: m^ng math 
and science cunicula more rigorous, improving math, and science professional devel- 
opment, attracting more math and science majors to teaching, and aligning high 
school math and science standards to foster college placement. In the President's 
initial budget request, A Blueprint for New Be^nnings, President Bush charged the 
National Science Foundation with the responsibility for imdertaking this initiative. 

Math and Science education in the U.S. 

The United States spends an estimated $120 billion a year on overall K—12 edu- 
cation, yet American students' performance on the latest round of the Third Inter- 
national Mathematics and Science Survey (TIMSS) shows that American students 
lag behind their international counterparts in both mathematics and science per- 
formance. Moreover, in the ten years since the first TIMSS study results were re- 
leased, the significant attention directed toward science and mathematics education 
has not resulted in the expected improvement in student performance, nor has it 
led to. a significant increase in the numbers of American students pursuing higher 
education degrees — and ultimately careers — ^in science, mathematics or engineering. 

Several factors have been cited as contributing toward this national failure to lead 
our children toward excellence in science and mathematics. These include: 

• too many teachers teaching out of field; 

• inadequate teacher preparation in the areas of science and mathematics; 

• too few schools with challenging math and science curricula and textbooks; 

• too few students taking advantage of advanced coursework; and 

• a lack of connection current understanding into how students learn, and class- 
room practices; 

Partnerships between colleges and universities and K—12 school systems have a 
role in addressing each of these shortcomings. 

Interactions between universities and K—12 schools in current NSF programs 

The National Science Foundation will spend $273 mUlion on K-12 ^ade math 
and science education, not including funds for informal science education or pro- 
grams supported by HI— B visa fees, in FY 2001. Of the variety of K—12 math and 
science programs the NSF funds, a higher number involve interactions between K- 
12 local and state school systems and institutions of higher education. While several 
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of these prognuns have attempted to foster and facilitate psui;nerships between in- 
stitutioi^ of higher education and local schools, each has had either a strong K— 12 
emphasis or a strong higher education emphasis, and thus none accomplished true 
partnership of the magnitude emphasized by the President’s plan. 

One example of an NSF program that has involved, in many cases, partnerships 
between umvefsities suid K—12 school systems is the Systemic Initiatives program. 
This program seeks to improve K—12 math and science education by intervention 
at many different levels, from the development and use of standards, to curricula 
improvement and^ enhanced teacher preparation and professional development. 
Similarly, in keeping with the emphasis on large-scade reform— systemic change — 
these efforts generally aim to involve as many of the various participants in the 
education system as possible, including teachers, school principals, superintendents, 
and other education policymakers at all levels of state and local government. Grants 
under the Systemic Initiative program have been given to a number of states, geo- 
graphic regions, and various rural and urban areas. While not a requirement of the 
program, a number of these programs have incorporated institutions of higher edu- 
cation — colleges, including community colleges, and universities — into their activi- 
ties. 

While NSFs Systemic Initiatives program has been in existence for a number of 
years, otJier, more recent activities sponsored by NSF have continued to emphasize 
interactions between institutions of mgher education and K-12 school systems in 
improving K— 12 education. For example, NSFs Collaboratives for Excellence in 
Teacher Preparation (CETP) pro^am, which will be phased out in FY 2002, was 
developed to award grants to institutions of higher education to aid in the prepara- 
tion of ^ture K— 12 math and science teachers. Many of these programs were suc- 
cessful in engaging faculty from traditional math and science departments to engage 
in improved preparation of teachers and several of these programs led to statewide 
increases in math and science coursework requirements for teacher certification. 

Other examples of NSF programs involving collaboration between institutions of 
higher education and K-12 school systems are NSFs Centers for Learning and 
Teaching, which aim to facilitate the development of comprehensive, research<%ased 
approaches to improving teaching and enhancing learning, and the Graduate Teach- 
ing Fellows, or GK-12, program, which supports the placement of science and matii 
graduate students into K— 12 classrooms to act as content resources for K— 12 teach- 
ers. 

Future targets of reform in K-12 math and science education 

Education experts have suggested numerous targets for reform of K-12 math and 
science education, including: 

• Interactions between institutions ofr higher education and K-12 school sys- 
tems, especially those that draw on the expertise of mathematicians, sci- 
entists, and engineers. Roles colleges and universities might play in K-12 
education are in the initial training as well as the ongoing professional devel- 
opment of K-12 teachers, the development of curricula and other materials 
available to teachers, the development of assessment tools for accurately 
meas\iring student mastery of content and cognitive sk^s, and the design 
and implementation of enrichment programs for K-12 students. 

• K-12 math and science education programs initiated by industry, scientific 
research institutions, or professional societies. Industry' has an enormous 
stake in the success of the United State’s K-12 math and science programs, 
^d can offer additional resources for K-12 science and math programs that 
is complementaiy to those provided by colleges and universities. 

• Recruitment and training of additional K-12 math and science teachers, 
through programs that offer incentives to students mqjoring in science, math 
or engineering, and encouragement of institutions of higher education to de- 
velop high-quality programs that serve the unique needs of these future 
teachers. 

• Education research, both research into how students learn — cognitive 
science — or large-s<^e assessments of particular teaching practices or cur- 
ncula. The interaction between research and K-12 education is important in 
improving math and science education and will be explored in a future hear- 
ing. 

• Providing easy access to educational materials and practices to K-12 math 
and science teachers. 
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in. Witnesses 

The- Subcommittee will hear from four witnesses with e^ertise in designing and 
implementing 12 math and science education reform programs: 

1. Dr. Phil Sadler, Director of the Science Education Department at the Har- 
vard'Smithsonian Center for Astrophysics. As such. Dr. Sadler has had expe> 
rience in running numerous parrtnerships aimed at improving math and 
science education from the hi^er education perspective. Dr. Sadler holds a 
joint, appointment at the Harvard University Graduate School of Education, 
and is an F.W. Wright Lecturer on Navigation in the Harvard University De- 
partment of Astronomy. 

2. Mr. David Gamer, Executive Administrator of the Urban System Pro^am, 
Oklahoma City Public Schools. Mr. Gamer, a former middle school science 
teacher and coordinator of a comprehensive after school program for at-risk 
students, was a two-time winner of the Oklahoma City Public Schools Teach- 
er of the Year award. He is now the Principal Investigator and primary re- 
searcher for the district’s NSF Urban Systemic Program and has experience 
in partnerships with institutions of higher education, including those facili- 
tated by the Urban System Initiative Award and the NSF-funded Oklahoma 

. Teacher Education Collaborative. 

3. Dr. Carlo Parravano, Director, Merck Institute for .Science Education. Dr. 
Parravano, a former professor of physic^ chemistry- at the State University 
of New York and a pioneer in the effort' to link university and corporate re- 
searchers with K— 12 teachers, joined Merck in 1992 to launch the Merck In- 

« stitute for Science Education, me Institute considers teacher professional de- 
velopment central to its mission to nurture the sense of wonder in children 
and to develop teachers who can encourage enthusiasm for science and math- 
ematics. 

4. Dr. Eugene Shaffer, Chair of the Education Department at the University of 
Maryland, Baltimore County. Dr. Shaffer has a wealth of experience in work- 
ing with K-12 schools to desijm programs that address the unique needs of 
specific schools or districts through teacher certification and teacher con- 
tinuing education. The UMBC Department of Education awards no under- 
graduate degrees in education; rather, all students must first complete a bac- 
calaureate degree in arts and sciences prior to enrolling in the teacher cer- 
tification program. UMBC strongly recognizes the need to include math, 
science and engineering faculty in teacher. preparation and teacher profes- 
sional development and has developed strong ties with the traditional dis- 
cipline departments to facilitate this work. 

Questions 

• What are the major barriers to frill implementation that should be considered 
in developing new partnership proCTams? How can we ensure that partner- 
ships meet me different needs of dassroom teachers, school administrators, 
district administrators and policy makers? 

• Sdentists, engineers,, and mathematicians are relatively new players in the 
world of K-12 education and their partidpation is often ad-hoc and largely 
unstructured. How does the partidpation of those individuals benefit 1^12 
partnerships and how can we encourage more practitioners of sdence, mathe- 
matics and engineering to get involved in K-12 education programs? 

• How can the federal government provide incentives to encourage companies 
for whom education is neither the primaiy mission nor a source of revenue 
to invest corporate resources in educational programs? 

• What programs would help in the national effort to recruit and retain more 
math and sdence teachers and that would encourage practidng mathemati- 

. dans and sdentists, in mid-career or post-retirement, to transition to careers 
in teaching? 
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Ms. Johnson. Thank you very much, Mr. Chairman’ I am 
pleased to join you in welcoming our witnesses to today’s hearing 
on exploring ways to improve K through 12 science and math edu- 
cation. I want to particularly call to attention to the title of ' the 
hearing, which emphasizes that we seek solutions and will result 
in improved academic performance for all students. 

In the past concerns about science education were motivated 
largely by the goal of insuring a full pipehne of students moving 
toward careers in science and technology but we now see that tech- 
nolo^ infuses more and more aspects of our daily life. Clearly, all 
students need a basic pounding in science and math to function 
in an increasingly complex world and to lead fulfilling lives. 

Most workplaces are becoming increasingly technological while 
our society is becoming increasingly diverse. We are running the 
risk of a widening gulf between those with training to thrive in this 
new work environment and those lacking the basic skills to qualify 
for high-tech workplace. 

An important purpose of the hearing is to look at how to estab- 
lish partnerships between the schools and institutions of higher 
learning to help bring about lasting improvements in student per- 
formance in science and math. We are also interested in encour- 
aging parinerships between schools and industry with the same 
goal in mind. We hope as our witnesses today will be able to draw 
on your experience to assist us in understanding the most effective 
roles for the participants in these partnerships and the barriers to 
be overcome in making them work. 

I have a strong interest in this topic because it directly relates 
to legislation I have proposed for the last few Congresses and re- 
introduced it yesterday. This bill is called the Mathematics and 
Science Proficiency Partnership Act. 

The bill is targeted — is a target measure. It seeks to bring 
schools with large populations of economically-disadvantaged stu- 
dents together with businesses to improve science and math edu- 
cation and to recruit and support students in undergraduate edu- 
cation in science and technology fields. 

The components of the partnerships will include support of the 
schools for teacher training, education materials and equipment, as 
well as establishment of college scholarships for promising students 
and on-job job site interns with industry. 

The National Science Foundation \^1 be authorized to award 
partnership grants where the awards will be based on how effec- 
tively the schools ^d businesses have forged their alliances and on 
the level of resources the private sector partners will provide. 

Businesses will participate in partnerships by, and most impor- 
tantly, setting up college scholarships for promising math and 
science students by establishing a job- site mentoring and intern 
programs and by donating computer software and hardware in par- 
ticipating schools. 

Ways that schools will participate include providing innovation 
in-service training for their math and science teachers and inform- 
ing their students of the career opportunities in science and tech- 
nology. 

And I will file the rest of this statement. We just completed in 
my hometown this weekend a Congressional Black Caucus Tech- 
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nology Summit where we reviewed much of this area and where in 
my area we have a great deal of participation with the private in- 
dustry but we need more, ^d we need it across the country. 

Thank you, Mr. Chairman. 

[The prepared statement of Eddie Bernice Johnson follows:] 

Prepared Statement of the Honorable Eddie Bernice Johnson 

I am pleased to join the Chairman in welcoming our witnesses to todays hearing 
on exploring ways to improve K-12 science and math education. I want particularly 
to call attention to the title of the hearing, which emphasizes that we seek solutions 
that will result in improved academic pertormance for all students. 

In the past, concerns about science education were motivated largely by the goal 
of ensuring a full pipeline of students moving toward careers in science and tech- 
nology. But we now see that technology' infuses more and more aspects of daily life. 
Clearly, all students need a basic grounding in science and math to function in an 
increasingly complex world and to lead fulfilling lives. 

Most workplaces are becoming increasingly technological, while our society is be- 
coming increasingly diverse. We are running the risk of a widening gulf between 
those with the training to thrive in this new work environment and those lacking 
the basic skills to qualify for the high-tech workplace. 

An important purpose of the hearing is to look at how to establish partnerships 
between the schools and institutions of higher education to help bring about lasting 
improvements in student performance in science and math. We are also' interested 
in encouraging partnerships between schools and industry with the same goal in 
mind. We hope as our witnesses tod^ will be able to draw on your experience to 
assist us in understanding the most enective roles for. the participants in these part- 
nerships and the barriers to be overcome in making them work. 

I have a strong interest in this topic because it- directly relates to legislation I 
have proposed for the past two Congresses, and reintroduced yesterday. This bill is 
called The Mathematics and Science Proficiency Partnership Act, 

The bill is a targeted measure. It seeks to bring schools with large populations 
of economically disadvantaged students together with businesses to improve science 
and math education and to recruit and support students in undergraduate education 
in science and technology fields. 

The components of the partnerships will include support to the schools for teacher 
training, education materials, and equipment, as well as the establishment of col- 
lege scholarships for promising students and on job-site internships with industry. 

^e National Science Foundation will be authorized to award partnership grants, 
where the awards will be based .on how effectively the schools and businesses have 
forged their alliances and on the level of resources the private sector partners will 
provide. . 

Businesses will participate in partnerships by, most importantly, setting up col- 
lege scholarships for promising math and science students; by establishing job-site 
mentoring and internship programs; and by donating computer software and hard- 
ware to participating schools. 

Ways that spools will participate include providing innovative in-service training 
for their math and science teachers, and informing their students of career opportu- 
nities in science and technology fields. 

In order to assess the value of this pilot program, the legislation also directs NSF 
to conduct a longitudinal study of the students who participate in the partnership’s 
scholarship program. This, will determine the students’ educational attainments and 
their success in entering careers in the fields of mathematics, science and informa- 
tion technology. 

The nation must take advantage of the human resource potential of all our people 
if we are to succeed in the international economic competition of the 21st century. 
This will require that reform efforts in science and math education seek to engage 
and cultivate the interest of all children. 

I believe my bill will help contribute to this goal. It will provide an unprecedented 
opportunity to redefine the federal role in K-12 education that establishes clear na- 
tional priorities, provides incentives for change, disseminates best practices, and tar- 
gets assistance effectively. I invite our witnesses to provide their views on the ap- 
proach I have proposed. And, more generally, I encourage their suggestions and rec- 
ommendations on the kinds of federal initiatives that ^1 lead to improved science 
and math education in the schools. 

In an age now driven by the relentless necessity of scientific and technological ad- 
vancement, the ciurent preparation that students in the United States receive in 
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mathematics and science is, in a word, unacceptable. Proficiency in mathematics 
and technology is necessary to prepare American students for participation in the 
21st century and to guarantee that the United States’ economy remains vibrant and 
competitive. Now is the time to set the stage for advancement in mathematics and 
science proficiency. The United States must expect more from our educators, busi- 
nesses, and students. 

I appreciate the attendance of our witnesses today, and I look forward to oin: dis- 
cussion. 

Chairman Smith, Thank you, and our esteemed Chairman, 
Chairman Boehlert. Would you like to make a comment? 

Mr. Boehlert. Thank you, Mr. Chairman. You know, of all the 
hearings taking place on the hill today in both the House and Sen- 
ate none exceeds in importance this subject matter, improving 
science and inath education. And to the credit of the President and. 
this Administration there is a commitment to give this the priority 
attention it deserves. 

We have already made significant progress. Initially people 
thought only in terms of the Department of Education and the 
Education and Work Force Committee when addressing this sub- 
ject. They now recognize* that this Committee intends to be a major 
player and a major contributor and that the National Science 
Foimdation, for example, has a significant role to play. 

So I want to commend you, Mr. Chairman, for the dedication of 
this Subcommittee, and I want to indicate to all the witnesses and 
anyone else pa)ring attention to this subject that we are committed 
to improving, substantial improvement. 

As you indicated the TIMSS study shows we are about average 
in science and math performance at the eighth grade level. That 
is not nearly good enough to sustain our preeminent position in the 
world economy. 

So I thank you, I appreciate all of the witnesses serving as re- 
sources to this Committee, and I look forward to the product that 
you will produce for the Subcommittee and move it forward. 

Chairm^ Smith. Thank you, Mr. Chairman. Mr. Etheridge has 
indicated in the conservation of time he would make some extra 
comments during the questioning period. Mr. Ehlers, would you 
like to make a comment? 

Mr. Ehlers. Very briefly. I share your pride in the fact that 
Michigan is ranked the highest in the TIMSS study in this country. 
That is the good news. The bad news is at that level it is roughly 
average compared to all the other countries of the — developed coun- 
tries of the world. So even the best in this country is average com- 
pared to other countries. 

That indicates we have a ways to go. This — I agree with the 
Chairman that this is a very important topic. I have devoted ap- 
proximately 30 years of my life to trying to improve science and 
math education in K-12 while I was in the classroom as a teacher 
and professor, and I have devoted several years of my time here. 
I hope that we can soon do a good deal from this Congress to help 
improve math, science education in the United States. Thank you. 

Chairman Smith. I personally spent about 20 years trying to im- 
prove my personal test scores in math and science. 

At this time I would like to introduce our esteemed panel. Our 
first witness is Dr. Phil Sadler, and Dr. Sadler is the Director of 
the Science Education department of the Harvard-Smithsonian 
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Center for Astrophysics. The Science Education Department draws 
on the expertise of scientists, researchers, educators, policy experts, 
and media professionals to develop a curricular materials for the 
K through 12 students and to provide continuing professional de- 
velopment for teachers who want to utilize these instructional ma- 
terials with their students. 

Our next witness to testify will be Dr. Eugene Schaffer. He is 
Chair of the Education Department at the University of Map^land, 
Baltimore County, UMBC. UMBC is imusual among universities in 
that it does not grant any undergraduate degrees in education, 
rather, college students must earn a baccalaureate degree in the 
field in which they will teach before enrolling in the teacher certifi- 
cation program. And this will certainly be one of our queries of 
where we go with our recommendations and with the implementa- 
tion of the partnership program. 

Mr. David Gamer is Executive Administrator of the Urban Sys- 
temic Program, Oklahoma City Public Schools, and Mr. Gamer will 
describe his work with Tulsa University and the University of Cen- 
tral Oklahoma through two NSF-funded partnership programs, the 
Urban Systemic Program and the Okladioma Teacher Education 
Collaborative. Mr. Gamer is a former middle school science teacher 
and two-time teacher of the year award winner. 

And finally, Mr. — Dr. Carl Parravano, excuse me, is the Execu- 
tive Director of the Merck Institute for Science Education, and 
Merck has been active in forming science education partnerships 
with schools, parents, policy makers, and the community members. 
Dr. Parravano began his outreach work while he was a professor 
of chemistry and chair of the Natural Science Division at the State 
University of New York. He saw firsthand how university profes- 
sors and resources could enable K through 12 educators to improve 
classroom instruction and to cultivate student interest in science. 

As our panelists may know your spoken testimony is limited to 
5 minutes, after which the members of the Committee will have 5 
minutes each to ask questions so as close as you are comfortable 
try to hold your initial presentation to that 5 minutes, and we will 
start with you. Dr. Sadler. 

STATEMENT OF DR. PHILIP M. SADLER, DIRECTOR, SCIENCE 

EDUCATION DEPARTMENT, HARVARD-SMITHSONIAN CEN- 
TER FOR ASTROPHYSICS, CAMBRIDGE, MA 

Mr. Sadler. Thank you. Let us see. Is that working now? Okay. 
Here we go. Thanks for inviting me to testify here. It is a pleasure 
to be here. I am very interested in the programs that you propose, 
especially because I have had many of the roles myself over my ca- 
reer, starting as a physics major who earned my teacher’s certifi- 
cation, then becoming a junior high math and science teacher, a 
business man who has hired and worked with high school grad- 
uates, an inventor who has applied my science and math knowl- 
edge to create new products wWch are now in use by about 12 mil- 
lion kids around the world every year. 

I am now on the university faculty at Harvard teaching both in 
the astronomy department and school of education, and I direct 
several projects that I am going to talk about today, especially 
those in curriculum development and assessment and evaluation. 

O 
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So at the Harvard-Smithsonian Center for Astrophysics I direct 
the 45-member Science Ed Department, which is part of a much 
larger institution, probably the largest astronomical research insti- 
tution in the world with about 800 staff. And we bring together sci- 
entists and teachers to produce a great variety of materials. We 
produce textbooks. This is Project Star, which we developed using 
educational research and a lot of input from teachers and sci- 
entists, a very popular program. Other textbooks and programs for 
workshops and for kids from grades 4 through 12. 

We invent new kinds of materials. This is a piece of high-effi- 
ciency defraction grading, which replaces for $20 something that 
used to cost about 1,000. So every classroom in the world can do 
experiments now with color and light just using an overhead pro- 
jector. We also do a lot of development of tests. We have developed 
new kinds of standardized tests that measure a conceptual under- 
standing of students, and on the overhead you see one of our most 
popular developments, unusual use of technology. We have five 
fully-automated telescopes on the internet, on the web, which are 
usable by any student in the United States in classrooms or at 
home. These telescopes are directed by students and take pictures 
which arrive back at the web site and which students can look at 
or other students can use. So this is an opportunity, especially for 
students in urban areas which don’t have good views of the sky to 
actually study astronomy. 

We also run lots of summer institutes for teachers where we 
bring these teachers in, they work with scientists, and help develop 
some of these programs. Probably our most effective program is 
called Project SPICA, which produced this book, and Project SPICA 
teachers have gone off and given workshops for nearly 20,000 
teachers around the country on improved ways to teach science to 
kids. 

We also run our own television station with Annenberg Founda- 
tion, the Annenberg/CPB Channel, in which we provide profes- 
sional development for elementary teachers and upper-level teach- 
ers through lots of different kinds of programs. Probably our most 
well-known television program is one called The Private Universe, 
where we interview Harvard and MIT students as to their under- 
standing of basic science. And the problem isn’t just at the pre-col- 
lege level. Only half of MIT students when given a light bulb and 
a battery and a piece of wire can make the light bulb light up. 

So television programs and we have — so in — at our center we in- 
volve scientists along with teachers, and I think key to the quality 
of the programs that we have are the fact that — are three facts, 
key components. 

One is we have institutional leadership. The head of our center, 
of our large center, our director, Irwin Shapiro, has made improv- 
ing K through 12 science education nationally a major goal for the 
center. He has committed resources, space, funds, time. He has 
freed scientists with an interest in education to openly pursue 
these activities. All of our major scientific research proposals now 
include educational activities that involve teachers, both locally 
and nationally. We have outreach to museums, we are supporting 
the development of cutting-edge exhibits and planetarium shows. 
So institutional leadership is very important. 
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The second one is high standards. All of our education^ activi- 
ties are rigorously evaluated for impact. We don’t have any activi^ 
ties where we just have a good idea and go out and try to do some- 
thing. We study, we evaluate, and we publish our resiilts in peer- 
reviewed journals. Our proposals compete, at the NSF and other 
places with other institutions for Federal funding. We present pa- 
pers at conferences and colloquia. Education at our center is held 
to the same high standards as scientific research. High standards. 

Hie third is finding the best people. We have world-class sci- 
entists and engineers at our center, certainly at Harvard in gen- 
eral, and at the Smithsonian we have some pretty exceptional peo- 
ple. But we don’t have people with all the skills necessary to pur- 
sue a science education agenda. We bring in people from the out- 
side, we hire them to our staff, we have experts brought in in cur- 
riculum development and educational research. It is very difficult 
to turn a scientist into an educational researcher. It can be done. 
So we conduct national searches to bring in the best people from 
the country to add to our permanent staff. We offer sabbaticals for 
exemplary classroom teachers to come and join us. We have grad- 
uate students in post-doctoral fellowships so we . have really excep- 
tional people. 

So I believe that the partnerships have to draw together, teach- 
ers and scientists, but they succeed only to the extent that sci- 
entists can meuntain their rigorous standards for carefiil research 
and educators are respected for their skills and knowledge. It is a 
true partnership. 

Thank you. 

[The prepared statement of Philip M. Sadler follows:] 

Prepared Statement of Dr.. Philip M. Sadler 

Thank you for inviting me to testify before the Subcommittee on Research of the 
House Committee on Science; It is a pleasure to be able to participate in this proc- 
ess particularly since I have lived so many of the roles that you envision being in- 
volved in Improving Math and Science Education so No Child is Left Behind, I have 
been: 

• A physics major who earned my teacher certification, 

• a 7th £md 8th grade science and math teacher, 

• a businessman who has hired and worked with high school graduates, 

• an inventor who has applied my science and mathematics to create new prod- 
ucts, 

• a university faculty member in. science and in education, 

• a professor and mentor for 200 new science teachers, 

• the director of several projects that rely on educational partnerships, 

• and an educational researcher with expertise in assessment and evaluation. 

The Harvard-Smithsonian Center for Astrophysics, where I direct the 45-member 
Science Education Department, has been described as a model for partnership ac- 
tivities etween teachers and scientists. The center is the largest astronomical re- 
search institution in the world with more than 800 staff. In bringing together sci- 
entists and teachers, we have produced curriculum materials that oner the excite- 
ment of scientific discovery to students in grades 4-12. We have created new kinds 
of standardized tests that measure conceptual understanding in astronomy and 
physical science. Our automated telescopes help children in urban areas take pic- 
tures of the night sky over the World-Wide Web. Thousands of teachers each month 
brush up on their science and leam new teaching strategies by watching our profes- 
sional-development television channel, rim in partnership with Annenber^CPB. 
More than twenty thousand teachers have attended our workshops on how to more 
effectively teach science. 

o 
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. Key to the quality of these programs is the involvement of scientists and engi- 
neers engajrad who either consult or who make a transition to ^1-fledged science 
educators. The successful educational nrograms at our large research institution are 
the result of a structured abroach tnat overcomes ■ barriers to involvement while 
maintaining high standards. The key components are: 

• Institutional leadership. Our director has made improving K-12 science edu- 
cation nationsdly a major goad and has committed resources, space, funds, and 
time. This has freed scientists with am interest in education to openly pursue 
these activities. M^or scientific reseauxh proposads now include educationad 
activities that involve locad amd more distant schools. Outreach to museums 
is encouraged, supporting the development of cutting-edge exhibits amd plane- 
tauium shows. 

• High standards. Educationad activities are rigorously evaduated for impact. 
Results are published in peer-reviewed joumads. I^oposads compete with 
those from other institutions for federad fundiM. Papers au'e presented at con- 
ferences and colloqma at other universities. Education is held to the saune 
high stamdaurds as scientific reseauxh. 

• Finding the best people. Scientists and engineers already at the our center are 
offered pathways for growth throi^h visiting classrooms and involvement 
with ongoing pndects. Where expertise is more limited, such as in curriculum 
development and educationad research, nationad searches au"e carried out to 
add to the permanent staff. Sabbaticads aure offered for exemplary classroom 
teachers and scientists from other institutions. Graduate students and 

ostdoctorad fellows seek us out for reseauxh opportunities. Seminars draw 
oth teachers amd scientists from the locad area. 

I believe that pautnerships cam draw together teachers amd scientists, but succeed 
only to the extent that scientists cam mamtain their rigorous standau"ds for careful 
research and educators are respected for their skills and knowledge. Educational ex- 
periments must be evaduated and successes replicated. Concerning the proposed leg- 
islation, integration of partnership activities into existing nationad professional and 
rese^ch societies wiU provide a venue for compauison amd evaduation. It will be pro- 
ductive to ftmd some partnership projects that au-e nationad in scope. With past ini- 
tiatives as a model, conducting research studies that compare a wide vairiety of paut- 
nerships for impact, will help to shape the program ana generate the highest pos- 
sible leverage. 

Answers to Questions from the Subcommittee 
1. Scientists, engineers, and mathematicians are relatively new players in the world 
of K—12 education and their participation is often'ad-hoc ana unstructured. How 
has the work of your Center oenefiied from the structured, long-term inclusion of 
these individuals and -how can we encourage more practitioners of science, mathe- 
matics and engineering to get involved in K-12 programs'^ 

I am old enough to remember that scientists, engineers, amd mathematiciams 
made an enormous contribution to science amd math education for the twenty yeau^ 
following Sputnik. I was privileged to be a student of two of the giants in science 
education or the time, Jerrold Zachauias of MIT amd Fletcher Watson from Harvard. 
I feel that we owe much of our nation’s current dominamce in science amd technology 
to this past partnership between federad support, scientists, and teachers. There are 
lessons to be learned from this history. 

Our center’s scientists have a tradition of responding to cadis to give public talks 
amd visit classrooms as a form of public service. Mamy reseaurch centers give tours 
and run speadcer’s bureaus. The reason that we have eiyoyed a substamtive impact 
on American science education is in large part a result of the commitment of many 
of our scientists. We provide structured opportunities to our scientists to contribute 
their expertise without being put in situations where their set of akiWs may be 
weak. For example, few of our scientists have experience teaching children, so we 
do not have them replace classroom teachers. A few examples follow: 

• The Center for Astrophysics is one of the world leaders in telescope automa- 
tion. Scientists and engineers helped design a network of automated tele- 
scopes for children,^ now stretching from Cambridge to Australia, which allow 
students to take pictures of astronoimcal objects over the World-Wide Web. 
Working with teachers they developed a series of investigations that helps 
students build their astronomical knowledge and process skills. 

• A team of scientists and teachers led by the center director, Irwin Shapiro, 
developed the first high school astronomy textbook, basing it on solid edu- 
cation^ research. They created unique demonstrations and experiments that 
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use the latest materials. Scientists tested activities and worked with high 
school teachers in summer institutes to bring them up-to-date on their astro- 
nomical knowledge. Scientists helped in reviewing materials and tests for ac- 
curacy while teachers tested materials in their classrooms. Meeting once a 
month, teachers and scientists discussed progress and problems. 

• For teachers who are far from our center, we run the Anneneberg/CPB profes- 
sional development television channel. Scientists have hosted programs, 
talked of their research, and have helped to plan the programs along with 
teachers. Our videos, that capture the scientific misconceptions of Harvard 
and MIT students, help promote the acceptance of new methods and mate- 
rials for teaching science. 

Our scientists often work on teams with teachers on educational projects. When 
scientists want to go into classrooms, we do not expect them to teach. They are 
paired up with a classroom teacher for the year so that they can visit on a regular 
basis and support the teacher who wishes to investigate some area of science. Our 
scientists oftin conduct background research to identify materials and resources, 
helping to increase a teacher’s comfort level for teaching science. We are part of a 
consortium of such partnerships called Project ASTRO, started at the Astronomical 
Society of the Pacific. 

Teachers have remarked that working with scientists has helped them better un- 
derstand how the scientific enterprise is conducted. These partnerships helps teach- 
ers understand what real problems in science are. They come to see how many ques- 
tions that science addresses do not yet have answers and the old answers may 
change in the light of new evidence. 

I like to characterize how scientists and engineers have contributed in two ways. 
First,, many have acted as consultants, providing expertise that requires little 
change in perspective from their scientific research. Second, and by far, the largest 
impact has come from individual scientists who have committed themselves to edu- 
cation. They have become educators. This has meant following the same approach 
they would use in delving into a new field of science. They have studied the prob- 
lems hard, read the research literature in the field, gone to conferences to hear 
about the latest experiments and innovations, partnered with educational research- 
ers and classroom teacher to plan and pursue programs. They insist on careful ex- 
perimentation and evaluation of impact. 

They treat education not as public service but as a scientific domain ripe for con- 
tribution. 



2. What are the barriers related to university culture, policy and reward structure 
that normally discourage university faculty from participating in K-12 education 
programs and how did the Harvard-Smithsonian Center for Astrophysics move 
beyond these barriers and create incentives for scientists, mathematicians and en- 
gineers to participate in your K-12 education programs'? 

Universities often treat work at the K— 12 level as a public service, a charitable 
act. Such efforts are voluntary and unstructured. They are generally not seen as 
part of the professional, research life of faculty. Moreover, universities are generally 
aloof from the practical problems of society. Tenure is generally awarded for work 
that your colleagues learn from, not that solves some practical problem. Among 
science professors and their students, teaching is seen as an art. 

In my view, education schools are often out of touch with the move to national 
standards and standardized assessment, preferring positions that leave more free- 
dom to teachers and minimal accountability. This highly independent, anti-testing 
stance may limit involvement with national programs such as the president’s initia- 
tive. This attitude is in stark contrast to how science is practiced. Well-controlled 
educational studies, using quantitative measures appeal to scientists and engineers. 
The kind of careful development and evaluation of educational programs has found 
a more natural home at our scientific research center. 

_ While some scientists at our center teach in Harvard’s Astronomy Department, 
many more have no daily educational involvement. These scientists and engineers 
form a second cadre with an interest in education. With NASA now supporting 1- 
2% of their space science budgets with educational initiatives, many researchers 
have a path to combine their science activities with educational outreach. Housing 
the NASA Education Forum for Structure and Evolution of the Universe, our de- 
partment helps interested scientists construct education and public outreach plans 
that draw upon successful programs and incorporate the findings of educational re- 
search. 
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At the C£A>, educational activities count in performance reviews and we give an 
award for “Science Educator of the Year.” Scientists and educators from the center 
have given presentations and papers at meetings throughout the U.S. 

One of the most exciting and meaningful rewards for scientists engaged in edu- 
cation is to become a member of our department. Both a Smithsonian scientist, Dr. 
Matthew Schneps, and a Harvard Professor/Smithsonian Scientist Dr, Charles A. 
Whitney joined us as highly productive senior resesnchers and project leaders. 

I would encourage any new partnership program to support sabbaticals for vis- 
iting scientists and teachers. These fund could also aid partnerships by funding at- 
tendance at education conferences and the acquisition of educational journals and 
books in research centers' libraries. 

3. How is current research on the science of learning integrated into your projects 
such fhat aterials you develop exploit this information to the benefit of teachers 
and students? 

The CfA is heavily engaged in projects that contribute to research on the science 
of learning. Our educators and scientists publish in educational research journals. 
I was privileged to receive the Journal of Research in' Science Teaching Award in 
1999 for work connecting new ways of measuring conceptual understanding in 
science through standardized tests. 

Our prmects begin with a thorough review of the relevant literature and we often 
engage other educational researchers in our activities. Our curriculum development 
process includes in-depth interviews of target students to ascertain their preconcep- 
tions. Artivities, readings, and homework are designed to help move students from 
these prior beliefs to ones similar to those of scientists. Our tests and other assess- 
ment tools are use to measure conceptual change. We have found that teachers are 
often unaware of their students ideas prior to instruction, so our video interviews 
and teachers’ guides make a point of identifying these alternative conceptions. 
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EDUCATION 



Massachusetts Institute of Technology, Cambridge, MA 
Harvard Graduate School of Education, Cambridge, MA 

PROFESSIONAL EMPLOYMENT 

Harvard University Graduate School of Education, Cambridge, MA As- 
sistant Professor 

Instructor , . 

Frances W. Wright Lecturer on Celestial Navigation, Harvard Univer- 
sity, Cambridge, MA 

Director, Science Education Department, Harvard-Smithsonian Center 
for Astrophysics 

Project Manager, Harvard-Smithsonian Center for Astrophysics 
Vice President and Co-Founder, Peripheral and Software Marketing 
Inc., Newton, MA 

Vice President and Co-Founder, Computer Products Marketing Inc., 
Newton, MA 

Learning Technologies Inc., Somerville, MA President 
Chairman 

Teacher (grades 7, 8) and Science Coordinator, Carroll School, Lin- 
coln, MA 

Staff Developer, Calculus Project, Education Development Center, 
Newton, MA 

Staff Member, Mathematics Project, Educational Research Center, 
MIT, Cambridge, MA 

HONORS AND AWARDS 

Astronomy Education Recognition Award, Project ASTRO, Astronomical 
Society of the Pacific 

Journal of Research in Science Teaching Award 
Computers in Physics, Winner for MicroObservatory,American Institute 
of Physics (shared) 
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Margaret Noble Address, Middle Atlantic Planetarium Society 
Representative, U.S.-Soviet Commission on Education, National Acad- 
emy of Education 

Executive Producer, “A Private Universe," Pyramid Films 
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Gold Medal, Documentary, Houston International Film Festival, Hous- 
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Gold Plaque Award, Chicago International Film Festival (shared) 

Silver Apple, National Educational Film and .Video Festival, Seattle, 
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Representative of the Year (Worldwide), Apple Computer (shared) 
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Design in the Science Classroom, Georgia Institute of Technology, At- 
lanta, GA 
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International Journal of Science Education, Editorial Board 
The Physics Teacher, Reviewer 



1999-present 

1998-present 

1996-present 

1995, 

1992-1993 

1994-96 

1992-present 

1988-1994 



1997 

1995-1996 

1994 

1994 

1991-1992 

1990 

1988-1990 

1988-1990 

1988-96 

1987-1990 

1987-1989 

1986 

1981-1984 

1981 

1977-1978 



8/12/74 



2000 

1999- 

1999-present 

1998-present 

1997-present 



PROFESSIONAL MEMBERSHIP ' 

American Association for the Advancement of 

Science American Assxiation of Physics Teachers 

American Astronomical Society Association of Science and Technology Centers 

Astronomical Society of the Pacific International Planetarium Society 

National Science Teachers Association Institute of Navigation 

International Technology Educators Associa- 
tion 
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American Association of Museums 
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PROFESSIONAL MEMBERSHIP— Continued 
National Association for Research in Science 
Teaching 

SOFTWARE, HARDWARE, WEBSITES 

Deutsch, Sadler, Whitney, Enquist, and Shore, Wavemaker. Physics Academic Soft-‘ 
ware, 1995 

Deutsch, Sadler, Whitney. Mouselab. Simburst Software 1996. 

Antonucci and Sadler, Microcomputer-Based Spectrophotometer, Salem, MA. 
Deadalon Corporation, 1996. 

Deutsch, (^Duld, Sadler, Antonucci and Leiker, MicroObservatoryNet Website, 1998. 
VIDEOS 

Schneps, Matthew and Sadler, Philip. A Private Universe. Annenber^CPB, 1988. 

. Schneps, Griswald, and Sadler. Project STAR, Teacher-to-Teacher Series, Kendall/ 
Hunt, 1993. 

Schneps, Griswald, and Sadler. Sim, Moon, Stars/Harvard College, 1993. 

Schneps, Sadler, M^tney and Shapiro, Minds Of Our Own Series, Annenberg/CPB, 
1998. 

BOOKS 

Walton, Schey, Christie, Garfunkel & Sadler. Computer and Laboratoryalculus, 
Educational Development Center, Newton, MA, 1975. 

Sadler, Philip et al. Apple III Certification, Apple Computer, Framingham, MA. 
1982. 

Sadler, Philip et al. Project STAR. Where We Are in Space and Time, Somerville, 
MA: Learning Technologies Inc., 1990. 

Coyle, Gregory, Luzader, Sadler, and Shapiro. Project STAR. The Universe in Your 
Hands, Dubuque, LA: Kendall/Hunt Publishing, 1993. 

Sadler, Philip, ^e Initial Knowledge State of High School Astronomy Students. 

Ed.D. Dissertation: Harvard University, 1992. 

Colby, Sadler, Kratzer and Klonz. Astronomy and More: A Comprehensive Cur- 
riculum and User’s Guide to the Starlab and Other Planetariums, Somerville, MA: 
Learning Technologies, 1998. 

Coyle, Hines, Rasmussen, and Sadler. Science in Action: A Supplemental Cur- 
riculum for Middle School Physical Science, Dubuque, lA: Kendall/Hunt Pub- 
lishing, 2000. 

Antonucci and Sadler, Light, Color and Spectroscopy for Every Classroom. Tona- 
'wanda, NY: Science Kit and Boreal Labs, 2001. 

ARTICLES, PROCEEDINGS, AND BOOK CHAPTERS 

1. Sadler, Philip. Astronomy in U.S. High Schools, COSMOS an Educational Chal- 
lenge, Proceedings of GIREP, European Space Agency, Paris, France, 1986. 

2. . Misconceptions in Astronomy, Proceedings of the Second International 

Seminar, Misconceptions and Educational Strategies in Science and Mathe- 
matics. (ed) J. Novak, Cornell University, Vol. 3; 1987. 

3. . Astronomy: Secret Weapon, Focal Point Editorial, Sky & Telescope, No- 

vember 1987. 

4. Lightman, Alan and . The Earth is Round? Who Are You Kidding? Science 

and Children, February 1988. pp. 24^26. 

5. Whitney, Charles A. and . Intuition-Building Tool Kts for Physical Sys- 

tems, Computers in Physics Instruction, New York: Addison -Wesley Publishing 
Co., 1989. pp. 462-463. 

6 , MicroObservatory, Proceedings of the Eleventh Annual Fairborn ! Smithso- 

nian HAPPP Symposium, Remote Access Automatic Telescopes, February 1990. 

7. William Pickering’s Search for a Planet Beyond Neptune. Journal for the 

History of Astronomy, 21(1), Feb. 1990. 

8. and Luzader, William. Science Teaching through its Astronomical Roots, 

The Teaching of AiStronomy, ed. J. Pasachoff, Cambridge: Cambridge University 
Press, 1990, pp. 257-276. 

9. . Project SPICA, A National Pro^am of Astronomy Workshops, Proceedings 

of the International Planetarium Society, 1990. 

10. . Project STAR, A High School Astronomy Curriculum, Proceedings of the 

International Planetarium Society, 1990. 

11. ^ and Kenneth Brecher. Astronomy as a Laboratory Science, Proceedings of 

the Astronomical Society of the Pacific, July 13, 1990. 
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12. . Projecting Spectra for Classroom Investigations. The Physics Teacher, 

29(7), 1991, pp. 423-427. 

13. . High School Astronomy: Characteristics and Student Learning, Pro- 

ceedings of the Workshop on Hands-on Astronomy for Education, (ed) E.C. 
Pennypacker, River Edge, NJ: World Scientific, 1992. 

14. Grossman, Marvin, , and Ward, R. Bruce. A Revolution in Elementary 

Science. Harvard University Alumni Bulletin, Fall 1992, pp. 10-12. 

15. Lightman, Alan and . Teacher Predictions versus Actual Student Gains. 

The Physics Teacher, 31(3), 1993, pp. 162-167. 

16. — -. Teachers’ Misconceptions of their Students’ Learning. Proceedings of the 
Third International Seminar, Misconceptions and Educational Strategies in 
Science and Mathematics, (ed) J. Novak, Ithaca, NY: Cornell University, 1993. 

17. — “ and Yossi Nussbaum. Focus on Disciplinary Issues: Earth and Space 
Science. Proceedings of the Third Internationql Seminar, Misconceptions and 
Educational Strategies in Science and Mathematics, (ed) J. Novak, Ithaca, OT: 
Cornell University, 1993. 

18. . An Ancient Time Machine: The Dial of Ahaz, American Journal of Physics, 

33(3), 1995. 

19. . Astronomy’s Conceptual Hierarc^, Astronon^ Education: Current Devel- 

opments, Future Coordination, (ed) J. Percy, San Francisco: Astronomical Soci- 
ety of the Pacific, 6/23-25/95. 

20. . Celestial Navigation in the Small Planetarium, Proceedings of the Euro- 

man Meeting of Small and Itinerant Planetariums, Brescia, Italy: International 
Planetarium Society, 10/12-16/95. 

21. Leiker, P. Steven, , and Brecher, Kenneth. The MicroObservatoiy: An Auto- 

mated Telescope for Education. Robotic Telescopes, Astronomical Society of the 
Pacific Conference Series, Vol. 79, 1995, pp. 93-98. 

22. and Robert Tai. The Role of High School Physics in Preparing Students for 

College Physics. The Physics Teacher 35(5) May 1997, pp. 282-285. 

23. — -. Psychometric Models of Student Conceptions in Science: Reconciling Quali- ‘ 
tative Studies and Distractor Driven Assessment Instruments, JourncU of Re- 
search in Science Teaching, 35(3), 1998. pp. 265-296. 

24. • Twenty Years On The Road: The Portable Planetarium’s Development and 

Contributions to the Teaching of Astronomy. Proceedings of the International 
Planetarium Society, London, England, June 1998. 

25. and James Hammerman. Emplo)ring Quantitative Models of a Qualitative 

Admission Process: Uncovering Hidden Rules, Saving THme, and Reducing Bias, 
College & University, 74(3), 1999, pp. 8-23. 

26. , Charles A. Whitney, Linda Shore, and Freemam Deutsch, Visualization 

^d Representation of Physical Systems: Wavemaker as an Aid to Conceptual- 
izing Wave Phenomena, Journal of Science Education and Technology, 8(3), 
1999, pp. 197-209. ' 

27. ^ . The J-Curve: Documenting the “Bumpy Road” to Understanding in Assess- 

ing Science Understanding: A Human Constructivist View (eds.) J.J. Mintzes, 
J.H. Wandersee:, J.D. Novak. New York: Academic Press, 1999, pp. 249-278. 

28. , Doug Haller, and Eliza Garfield. Observational Journals: An Aid to Sky 

Watching. Journal of College Science Teaching, 29(4) Feb. 2000, pp. 245-254. 

29. , Roy Gould, Kenneth Brecher, and Beth Hoffman. Astronomical Experi- 

ences Using Internet-Accessible Remote Instrumentation in Innovations in 
Science ana Mathematics Education (eds.) M.J. Jacobson & R.B. Kozma, 
Mahwah, NJ: Lawrence Erlbaum Assoc., 2000, pp. 259-286. 

30. , Harold A. Coyle, and Marc Schwartz, Successful Engineering Conmetitions 

in the Middle School Classroom: Revealing Scientific Principles through Design 
Challenges, Journal of the Learning Sciences, 9(3), 2000, pp. 299-^27. 

31. , Roy Gould, P. Steven Leiker, Paul Antonucci, Robert Kimberk, Freeman 

Deutsch, and Beth Hoffman. MicroObservatoiy Net: A network of automated re- 
mote telescopes dedicated to educational use. Journal of Science Education and 
Technology, 10(1), 2001, pp. 39-55. 

32. and Robert H. Tai. Success in College Physics: 'The Role of High School 

Preparation, Science Education, 85: 111-136, 2001. 

33. Tai, Robert H. and . Gender Differences in Introductory Undergraduate 

Physics Performance: University Physics and College Physics in the United 
States. International Journal of Science Education, (in press). 
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SPONSORED RESEARCH GRANTS 



Position 


Project 


Funding Institution 


Duration 


Co-1 


From the Ground Up, Micro- 
Observatory Curriculum De- 
velopment 


NSF, Materials Development 


1998-2001 


PI . 


SEDNet: A Nationwide Edu- 
cational Leadership Pro- 
gram 


NSF, Teacher Enhancement 


1998-2001 


PI 


DESIGNS middle school en- 
gineering curriculum 


NSF, Materials Development 


1995-2002 


PI 


ComTech — Communication 
Technology 


NSF, ATE division 


.* 1997-2000 N 


PI 


Spectroscopy: The Universal 
Analytic Method 


NSF, Materials Development 


1996-2000 


PI 


Comparative Analysis of 
NELS 88, Decisions Pilot 
Study and TIMSS Data in . 
Physics Education and 
Achievement 


NSF, Research and Studies 


1996-98 


PI 


A Design for an Interactive 
Television Series: Children's 
Science Television Founded 
on Constructivist Research 


NSF, Informal Science Edu- 
cation, US Dept of Com- 
merce 


1995-98 


PI 


MicroObservatory Net 


NSF, Applications of Ad- 
vanced Tech 


1995-98 


Co-1 


Misconception Video 
Project — ^locumentary film 
on student conceptions in 
science 


NSF, Teacher Enhancement 
Annenberg/CPB 


1993-7 


PI 


MicroObservatory ll—^ievel- 
opment of low-cost elec- 
tronic telescope for school 
use 


NSF Applications of Ad- 
vanced Tech 


1992-95 


PI 


A Private Universe Project 
Manual 


Annenberg/CPB 


1993 


Co-1 


Project ARIES, elementary 
school astronomy cur- 
riculum 


NSF, Materials Development 


1992-99 


Co-1 


MicroObservatory — develop- 
ment of low-cost electronic 
telescope for school use 


NSF, Applications of Ad- 
vanced Tech 


1889-92 


Co-1 


InSlGHT — development of 
advanced simulations for 
introductory physics 


NSF, Applications of Ad- 
vanced Tech 


1989-95 , 
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SPONSORED RESEARCH GRANTS-^ontinued 



Position 


Project 


Funding Institution 


• Duration 


Project Manager 


Project SPICA — summer in- 
stitutes to train astronomy 
workshop leaders (with 
Linda French, Ph.D., and ' 
Darrel Hoff, Ph.D.) 


NSF, Teacher Enhancement 


1989-94 


Project Manager 


Project STAR — development 
of high school' level astron- 
omy course 


NSF, Materials Development 


1985-91 



CONFERENCE PRESENTATIONS OF RESEARCH 
Groupe international de recherche sur L’enseignement de la physique Conference 
1986 — Cosmos — an Educational Challenge, Copenhagen, Denma^, August 21, 
1986. Contributed paper: “Astronomy in U.S. High Schools.” 

NSF, Applications of Advanced Technology Project Directors’ Meeting, Santa 
Monica, CA, December 4-5, 1987. Progress Report: ‘Teaching Science and Mathe- 
matics with Astronomy.” 

NSTA Annual Conference, Washin^n, DC, March 28, 1987. ; Contributed Paper: 
“Project STAR: Science Teaching through its Astronomical Roots.” 

Middle School Math and Science, Lesley College, Cambridge, MA, May 2, 1987. Key- 
note Paper: “Teaching Astronomy with Microcomputers.” 

American Association of Physics Teachers, Bozeman, MT, June 21, 1987. Invited 
Paper: “Field Tests of Project STAR Activities.” 

Education Development Center, Newton, MA, July 20, 1987. Colloquium: “Designing 
Curricula Around Research.” 

American Astronomical Society, Vancouver, BC, June 27, 1987. Invited Paper: 
“Project STAR: Science Teaching through its Astronomical Roots”, Kenneth 
Brecher and Philip Sadler. 

Misconceptions and Educational Strategies in Science and Mathematics, . Cor- 

nell University, July 26-29, 1987. Contributed Paper: “Misconceptions in Astron- 
omy.” 

Technical Education Research Center, Cambridge, MA, September 29, 1987. 

Colloquium: “Exploring Student Misconceptions in Science.” 

NSF, Washington, DC, November 17, 1987. Invited talk: “IVoject STAR Results.” 
NSF, Project Directors’ Meeting, Tempe, AZ, January 8, 1988. Contributed Paper: 
“Development of a Microcomputer Based Spectrophotometer.” Philip M. Samer 
and Charles Whitney. 

NSTA, St. Louis, MO, April 8, 1988. Contributed Paper: “Project STAR: Astronomy 
Teaching in United States High Schools.” 

International Research and Exchanges Board, Moscow, USSR, May 14-16, 1988. In- 
vited paper: “Computer Usage in Science Education.” 

International Planetarium Society, Biennial Conference, Richmond, VA, June 30, 
1988. Invited Paper: “The Role of Activities in Teaching Astronomy.” 

International Astronomical Union Colloquium #105 (The Teaching of Astronomy), 
Williamstown, MA, July 27-30, 1988. Invited Papers: “Astronomy in U.S. High 
Schools” and “Astronomical Misconceptions: Identifying and Changing Them.” 
Astronomer for a Day, American Astronomical Society, Boston, MA. fiivited paper: 
“Project STAR” (with Darrel Ho^. January 15, 1988. 

Conference on Computers in Physics Instruction, North Carolina State University, 
Raleigh, NC, Au^st 1-5, 1988. Invited Paper: “Intuition-Building Toolkits for 
Physical Systems,” with Charles A. Whitney. 

NSF Project Director’s Meeting, Pittsburgh, PA, November 2-5, 1988. Invited Paper: 
“Physics Simulations and Tmescope Automation.” 

Joint Center for Astrophysics and American Astronomical Society/Histoiy of Astron- 
omy Division Symposium on the History of Astronomy, Cambridge, MA, January 
7-8, 1989. Invited Paper: “William H. Pickering and the Search for a Planet Be- 
yond Neptune.” 

Boston University, Boston, MA, February 15, 1989. Science Education Cplloquiiim: 
“Dissemination of Project STAR.” 

lAPPP Symposium, Tucson, AZ, March 17, 1989. Contributed paper: “MicroObserv- 
atory.” 
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NSF Project Directors’ Meeting, Seattle, WA, April 5, 1989. Invited Paper: “Develop- 
ment and Testing of a New High School Astronomy Curriculum.” 

NSTA National Conference, Seattle, WA, April 6-9, 1989. Contributed Workshop: 

. “Project STAR,” (with Darrel Hoff). 

National Education Computing Conference, Boston, MA, June 20-22,. 1989. Special 
Session: “Teaching Astronomy with Microcomputers,” 

Middle School Math and Science, Lesley College, Cambridge, MA, November 4, 
1989. Keynote Address: “Our Private Universes — ^The Role of Misconceptions in 
Science and Mathematics.” 

American Astronomical Society, Washington, DC, January 9-13, 1990. Contributed 
papers: “MicroObservatory” (with Kenneth Brecher) and “The Dial of Ahaz” (with 
Owen Gingerich). ' 

Bolt, Beran^, and Newman, Cambridge, MA, March 22, 1990. Colloquium: “Uncov- 
ering Student Misconceptions.” 

Astronomical Society of the Pacific, July 13, 1990. Invited paper (with Kenneth 
Brecher): “Astronomy as a Laboratory Science” and “SPICA, A National Program 
of Astrononw Workshops.” 

University of Toronto, October 31, 1991. Astronomy Department Colloquium, Invited 
Paper: ^Astronomical Misconceptions of Undergraduate Students.” 

NSF Project Directors’ Meeting, Boston, MA, November 29-30, 1991. Invited Paper: 
“Investigating the Interface between Quantum and Classical Physics with Com- 
puter Tools.” 

NSF, Instructional Materials Development Meeting, Washington, May 15-16, 1992. 

Invited Paper: “^sults from Project STAR.” 

NSF, Applications of Advanced Technolo^ Meeting, Washin^n, June 29-30, 1992. 
Invited Papers: *^e Potential for Student Research with MicroObservatoiy’ and 
“Simulations and the Role of the Laboratory in Teaching Physics.” 

NSF Invitational Conference, Washin^n, DC, February, 10, 1993. Invited Paper: 
“Project STAR, A Curriculum that Changes Students Misconceptions.” 

American Association for the Advancement of Science, Boston, February 13, 1993. 
Poster Session: “Science Education Projects at the Harvard-Smithsonian Center 
’ for Astrophysics.” 

Schlumberger-Doll Research Symposium, Wallingford, CT, March 4, 1993. Invited 
Paper: “Children’s Ideas in Science.” 

Astronomical Society of the Pacific, San Deigo, CA, July 14-15, 1993. Ke 3 mote: “As- 
tronomical Misconceptions. Update on MicroObservatory.” 

Third International Seminar, Misconceptions and Educational Strategies in Science 
and Mathematics, Cornell Univeraity, August 3-4, 1993. Contributed Papers: 
'Teachers’ Misconceptions of their Students’ Learning” and “ The Private Uni- 
verse Project” (with Matt Schneps). 

Technical Education Research Center, Cambridge, MA, September 8, 1993. 

(IJolloquium: “Mouselab: Microcomputer Based Laboratories without Transducers.” 
Center for the Enhancement of Science and Mathematics Education Statewide Im- 
plementation Conference, Northeastern University, Boston, MA, January 29, 

1994. Invited Talk: “The Lessons of Project STAR.” 

NSF, Applications of Advanced Technology, Washington, DC, June 7, 1994. Invited 
Paper: “Remote Telescopes Over the Internet.” 

National Educational Computer Conference, Boston, MA, June 15, 1994. Invited 
Paper: “MicroObservatory, Computer Animation of Small Telescopes” (with Ken- 
neth Brecher, Boston University). 

International Planetarium Society, Cocoa Beach, FL, July 13, 1994. Invited Paper: 
“Astronomical Misconceptions.” 

American Association of Physics Teachers Conference, Orlando, FL, January 18-19, 

1995. Invited Papers: “The Effects of High School ih-eparation on College Physics 
Success,” “Moiis^ab — ^A Program for Learning About Kinematics” (with Freeman. 
Deutsch, CfA), and “Student Misconceptions and the Introductory Astronomy 
Course.” 

International Planetarium Society, Conference on Portable and Itinerant Planetar- 
iums, Lumezzane, Italy, October 12—15, 1995. Invited Paper: “Teaching Naviga- 
tion in the Planetarium.” 

International Technology Education Association Conference, Phoenix, AZ, April 1, 

1996. Panel Presentation; “Technology Materials in Support of Educational Re- 
form” (with Gerhard Salinger, NSF). 

First Science Centre World Congress, Vantaa, Finland, June 15, 1996. Panel Pres- 
entation: “Mobile Planetaria” (with Lars Broman, Per Broman, and Susan Rey- 
nolds). 

NSF State Systemic Initiatives, Washington, DC, June 20, 1996. Invited Exhibit: 
“The Private Universe Project” (with Matt Schneps). 
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NSF, Applications of Advanced Technologies, Component Software and Software 
Tools, Washington, DC, June 27, 1996. Invited Talk: “The MicroObservatoiy Net- 
work of Telescopes.” 

Intemationed Astronomiced Union Education Colloquium, London, England, July 7, 

1996. Invited papers: “MicroObservatory” (with Kenneth Brecher, BU), and “\^at 
to Cover and When: Using the Prerequisite Nature of the Astrohomiced Ideas.” 

American Association of Physics Teachers Conference, College Park, MD, August 7- 
9, 1996. Invited Papers: “Middle School Design Projects” (with Marc Schwartz, 
GSE Ed.D. student), “Physics Performance Factors” (with Robert Tai, GSE Ed.D. 
student), “Automated Telescopes on the Internet” (with Roy Gould, CfA), “Spec- 
troscopy — ^The Universed Anedyticed Method” (with Paul Antonucci, CfA). 

NSF Design Education Workshop, Techniced Education Research Center, , Cam- 

bridge, MA, December 13, 1996. Invited Tedk: 'Troject DESIGNS: Early Results.” 
American Association of Physics Teachers, Phoenix, AZ, January 4—9, 1997. Iiivited 
Paper: “Students’ Astronomiced Conceptions and How They Change.” 

Optical Society of America, New England Section, Wjdtham, MA, February 28, 1997. 
Invited Talk: “Bringing the Rainbow Down to Earth.” 

National Zoological Park, Smithsonian Institution, Washington, DC, March 16-18, 

1997. Invited Talk: “Dialogue II:- What About Diffusion? What Drives Outreach?” 

4th International Seminar, Misconceptions and Educational Strategies in Science 
and Mathematics, Cornell . University , June 14, 1997. Contributed Paper: “The 
Role of Misconceptions in the Evolution of Children’s Ideas.” 

The National Academy of Education, National Meeting, Boulder, CO, September 24, 

1997. “What Does It Mean to Know?” 

National Association of Biology Teachers, Cambridge, MA, March 19, 1998. “Key- 
note: Minds of Our Own.” 

National Association for Research in Science Teaching, San Diego, CA, April 20-21, 

1998. (Contributed Paper: “Reconciling Quahtative and Quantitative Investigations 
of Students’ Scientific Understanding Using Psychometric Measures.” 

American Physical Society — ^American Association of Physics Teachers Regional 
Meeting, Ball State University, May 2, 1998. Invited Talk: “Misconceptions in 
Physics.” 

International Planetarium Society, London, England, June 28, 1998. '"Twenty Years 
On The Road: The Portable Planetarium’s Development And Contributions To The 
Teaching Of Astronomy.” 

VermontFest, Nov. 5, 1998. Ke}mote: “The Role of Technology in Professional Devel- 
opment.” 

Lowell Regional Physics Alliance, University of Massachusetts, Lowell, December 1, 
1998. Invited TaJk: “The Role of High School Physics in Preparing Students for 
College Physics.” 

Astronomical Society of the Pacific, Annual Conference, Toronto, Ont., July 2, 1999. 

Invited Paper: “Effective Learning of Astronomy.” 

Harvard Graduate School of Education, Cambiidge, MA, November 8, 1999. Cre- 
ationism vs. Evolution Forum, Moderator. 

American Association of Physics Teacher Winter Meeting, January 17-19, 2000. 
Contributed Papers: “Software for Teaching Spectroscopy,” “Teaching Wave Me- 
chanics with Wavemaker.” Invited paper: “Prerequisite ^lationships Between As- 
tronomy Concepts.” 

Remote Experiments in Science Education Conference, 10/28/00, Liquid Crystal In- 
stitute, Kent State University, Kent, Ohio. Invited paper: “Student Projects Using 
a Worldwide Network of. Remote Telescopes.” 

Joint American Astronomical Society — ^American Association of Physics Teachers, 
Annual Meeting, San Diego, CA, 1/7—10/01. Plenary: Preparing students for suc- 
cess in college physics: Which high school make the grade?. Contributed papers: 
“A Role for Observational Journals in Introductory Astronomy Courses,” ‘Topper 
and Kuhn Come to Visit: A Nature of Science Role-play,” “Students’ Conceptions 
of Light and Color and How They Change,” “From the Ground Up!: Investigations 
in Physical Science Using the MicroObservatory Online Telescopes.” Poster: Gen- 
der and Success in Introductory College Physics. 
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COURSES TAUGHT 





Astronomy 2 


T-210e ‘ 


T-211e 


T-215 


T-124 


Course Title 


Celestial 

Navigation 


Module on 
Teaching 
Science 


Module on 
Teaching 
Science 


Teaching 

Science 


How Children 
Learn Science 


Enrollment 


FAS (and GSE) 


Teacher Ed. 
Prg. 


Teacher Ed. 
Prg. 


Teacher Ed. 
Prg. 


GSE 


Class Mrs/ 
wk 


5.0 


i.25 


1.25 


2.5~>3.0 


2.0* 


1989-90 


Spring 










1990-1 


Fall, Spring 










1991-2 


Fall ' 










1992-3 


Fall 


Fall 


Spring 






1993-4 


Fall . 


Fall 


Spring 




Spring 


1994-5 


Fall 






Fall 


Spring 


1995-6 


Spring 






Fall 




1996-97 


Spring-.^ 






Fall 




1997-8 








Fall 


Spring 


1998-9 


Spring 






Fall 


Spring 


1999-2000 


Spring 






Fall 


Spring 



TEACHER WORKSHOPS AT PROFESSIONAL MEETINGS 
International Planetarium Society Conference, Tucson, AZ, 7/1/86. Contributed 
workshop: “Activities for Teaching Astronomical Scale.” 

American Association of Physics Teachers, San Francisco, CA, 1/31/87. Contributed 
Papers: “Studying Terrestrial Spectra,” “Misconceptions about Astronomy,” “The 
State of High-School Astronomy Education.” 

Massachusetts Association of Science Supervisors, Framingham, MA, 5/2/87. Invited 
paper: “Starting an Astronomy Course in Your School.” 

Macademia, Boston College , Boston, MA, 5/28/87. Invited Paper: “Microcomputer- 
based Simulations in Astronomy.” 

The Independent School Association of Massachusetts, Wellesley, MA, 6/25/87. In- 
vited Workshop: “Scale Models in Astronomy.” 

Astronomical Society of the Pacific, Pomona, CA, 7/15/87. Invited Paper: “Commonly 
Held Misconceptions in Astronomy.” 

National Air and Space Museum, Practical Astronomy: Time, Place, and Space 
Teacher Workshop, Washington, DC, 8/12/87. Invited Workshop: “Where We are 
in Space and Time.” 

NSTA Regional Conference, Pittsburgh, PA, 1^6/87. Contributed Paper: “Activities 
for Teaching Astronomy.” 

National Air and Space Museum, Practical Astronomy: Time, Place, and Space 
Teacher Workshop, Washington, DC, 11/21/87. Invited Workshop: Activities from 
“Where We are in Space and Time.” 

NSTA, St. Louis, MO, 4/7-12/88. Contributed Workshops: “Astronomy Share-A- 
Thon: A National Earth Science Teachers-Association of Astronomy Educators 
Workshop,” “What's Up? Bringing the Universe into Your Classroom.” 

The Independent School Association of Massachusetts, Wellesley, MA, 6/19—24/88. 
Contributed Workshop: “Elementary Astronomy Activities.” 
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Woodrow Wilson National Fellowship Foundation, Institute on High School Physics, 
Princeton, NJ, 7/7-8/88. Workshop: “Activities for Teaching about Light.” 

National Air and Space Museum, Washington, DC, 8/17-18/88. Invited Workshop: 
“Middle School Astronomy Activities.” 

Science Museum of Virginia, Science Sense Advisory Committee Meeting, Richmond, 
VA, 4/28/89. Invited Workshop: “Building Conceptual Understanding in Astron- 
omy.” 

Independent School Association of Massachusetts, Summer Workshops for Inde- 
pendent School Teachers, Wellesley, MA, 6/18-23/89. Workshop for Elementary 
School Teachers: “Strengthening the K-8 Classroom through Science.” 

NSTA National Convention, Atlanta, GA, 4/5-8/90. Contributed Workshop: “Project 
STAR: Science Teaching through its Astronomical Roots,” and “What’s Up? Bring- 
ing the Universe into Your Classroom, 10th Anniversary Gala” (with Darrel Hoff). 
International Planetarium Society, Borlange Conference, 7/1990. Invited Workshop: 
“Hands-On Methods in Portable Planetariums.” 

Workshop for Hands-on Astronomy for Education, Tucson: Fairborn Observatory, 
11/1-4/92. Invited Paper: “High School Astronomy: Characteristics and Student 
Learning.” 

Science Teachers Association of Ontario, 11/1/91. Invited Workshop: “Activity-Based 
Astronomy Teaching.” 

NSTA, Boston, MA, March 26-28, 1992. “Astronomy Share-a-thon,” “Association of 
Astronomy Educators Workshop.” 

Internationa Planetarium Society, Salt Lake City, UT, June 25-27, 1992. Work- 
shop: ‘Teaching Celestial Navigation in the Planetarium,” and “Activities from 
Project STAR.” 

Lawrence Hall of Science, Participatory Oriented Planetarium Institute, University 
of California, Berkeley, July 16, 1992. Workshop: “Astronomical Misconceptions 

NSTA, St. Louis, MO, April 1, 1993. Workshop: “Project SPICA Activities.” 

Lawrence Hall of Science, Astronomy and Space Science Summer Institute, Univer- 
sity of California, Berkeley, July 20, 1993. Workshop: “Children’s Astronomical 
Ideas and their Origins.” 

NSF, Applications of Advanced Technology Meeting, Washington, DC, June 29-30, 
1993. Invited Paper: “The Progress of MicroObservatory and InSIGHT Simula- 
tions.” 

Astronomical Society of the Pacific, San Diego, CA, July 14-15, 1993. Invited Work- 
shop: “Astronomy Education.” 

Lawrence Hall of Science, Participatory Oriented Planetarium Institute, July 20, 
1993. Workshop: “Astronomical Misconceptions and Planetarium Activities.” 

NSTA Conference, Phil., PA, March 23-25, 1995. Workshop: “Using the Micro- 
Observatory” (with Steve Leiker). 

Astronomical Soc. of the Pacific, College Park, MD, 6/24/95. Invited Paper: “Astron- 
omy’s Conceptual Hierarchy.” 

NSTA Conference, Ocho Rios, Jamaica, July 28-30, 1995. Invited Workshop: “Size 
and Scale in the Universe: (Children’s Ideas and How They Change.” 

NSTA Conference, St. Louis, MO, March 28, 1996. Short Course: “The Private Uni- 
• verse Project” (with Nancy Finkelsteiri, C^). 

Middle Atlantic Planetarium Conference, Boston, MA, May 9, 1996. Workshop: “Ce- 
lestial Navigation in the Small Planetarium.” 

NSTA Conference, New Orleans, LA, April 5-7, 1997. Workshop: “DESIGNS Chal- 
lenges.” 

NSTA Conference, Anaheim, CA, April 16, 1998. Workshop: ‘Teaching Physical 
Science with Design Challenges.” 

Project ASTRO, Boston Museum of Science, Jtme 25, 1999. Workshop: “Children’s 
Astronomical Misconceptions.” 

Malden High School, Malden, MA, October 29, 1999. Inservice Workshop: “Chil- 
dren’s Mental Models.” 

NSTA Conference, Orlando, FL, April 8, 2000. Workshop: “Putting a Charge in 
Physical Science.” 

Project ASTRO, Boston Museum of Science, July 8, 2000. Workshop: “Using Spec- 
troscopy to Teach Astronomy.” 

Lesley College Teaching Interns, 10/12/00. ‘Teaching Science through Design Chal- 
lenges.” Brookline Public Schools. 
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April 30, 2001 

The Honorable Nick Smith, 'Chairman 
Subcommittee on Research 

U.S. House of Representatives Committee on Science 
Suite 2320 Rayburn House Office Building 
Washington, DC 20515-6301 

Dear Mr. Chairman: 

Thank you for the invitation to testify before the Subcommittee on 
Research of U.S. House of Representatives Committee on Science On May 
2, 2001. As required by the rules governing witness testimony, I am 
disclosing the source of my Federal Government hmding that supports 
my work in the area of science education. 

The Science Education Department at the Harvard-Smithsonian 
Center for Astrophysics is supported by grante from the National 
Aeronautics and Space Administration, the National Science Foimdation, 
and the Smithsonian Institution. 




Philip M. Sadler, Ed.D., Director 
Science Education Department 
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Chairman Smith. Dr. Sadler, Thank you. Dr. Schaffer. 

STATEMENT OF DR. EUGENE C. SCHAFFER, CHAIR AND PRO- 
FESSOR, DEPARTMENT OF EDUCATION, UNIVERSITY OF 

MARYLAND BALTIMORE COUNTY, BALTIMORE, MARYLAND 

Mr. Schaffer. I would like to speak to four particular areas. My 
interest and background is in the preparation of teachers both at 
the undergraduate and graduate level, and over the years, and 
there have been quite a few of them, I have found some things that 
seem to be very important that have been incorporated into a num- 
ber of programs. 

I recently moved to Baltimore and to the University of Maryland 
Baltimore County. One of the things that made this particular Uni- 
versity of Maryland campus interesting was its strength in science 
and mathematics and its interest and commitment in teaching. 

The first thing that is true that was mentioned earlier was that 
our pro^ams are all based in the arts and science field to begin 
with. This means everyone whether the teach kindergarten or they 
teach 12th grade has a major in the arts and sciences. This by 
itself is not enough. We also give a very strong pedagogy program 
that is based predominantly in the field and is organized around 
a number of specific elements such as subject matter methodology, 
literacy, diversity, and special needs. As students go through these 
undergraduate programs they are also in a continuous field place- 
ment, and this ends in a 100-day internship program that spans 
from the beginning of the year to the end so that they can see how 
to organize a classroom, run a classroom, and come to conclusion 
at the other end with a strong effort to improve student’s learning. 

So it is, again, focused ve^ much on the K-12 program. I think 
there are two particular things about this that is critical in our 
programs. 

First of all, we are well aware that 66 percent of our students 
come to us at the undergraduate level from community colleges. At 
this end we have developed what is called a 2 + 2 -I- 2 program. We 
meet with juniors and seniors in high school and help them plan 
their education. They also can take course work in the community 
colleges while they are in high school that assist them both in the 
area of teaching, if that is their interest, or in sciences. As they 
move through they are jointly advised and they are jointly admit- 
ted both to the imder — to the community college and also to the 
University of Maryland Baltimore County. And they can complete 
that program with full knowledge that their course work will trans- 
fer from one program to another. 

So this we think, first of all, promotes recruiting and also reten- 
tion of these people waiting until — rather than waiting imtil they 
get to be juniors in college to start taking education course work 
or their majors. So this is a different kind of program. 

A second program we have in place is really our post-bacca- 
laureate pro^am that leads to a Master’s of arts in teaching. And 
I think that is the first element. For those people coming back for 
licensure or certification they are first of all going to receive an ad- 
vanced degree. We try to make this coursework as flexible as pos- 
sible, evenings, weekends, modulized scheduling, integration of 
both content and also of the methodology at the same time. And 
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we offer financial packages. I will come back to the financial pack- 
ages in a minute. 

So that is a little bit of the backgroxmd. I want to go back just 
for a moment to the 100-day internship. These are jointly planned 
between the school districts and the university. We often start with 
what the university has — or excuse me, what the school district has 
in mind. I will give a very brief example. We have a school district 
that identified reading and writing as being critical. We have de- 
signed both grant work and programs that support their particular 
needs, and our students work with them all during this 100 days, 
as well as teaching, to increase the performance of their own chil- 
dren, the students in that program, in the areas of reading and 
writing. 

A particular program I want to mention that is a nationally — Na- 
tional Science Foundation grant, which was the Maryland Collabo- 
rative Teacher Preparation Grant. This worked very much for the 
improvement of middle grades education, 8 year olds through 14. 
We used specially designed courses, internships, and also in the 
first year of teaching we supported them through a strong men- 
toring program. 

I just want to come back to the science courses that they were 
taking. What they asked the teachers were — this was a biology 
teacher who was teaching a basic biology program. He said, well, 
what do you teach? And he asked the different grade level teachers, 
and what you got was this enormous array of topics that they have 
to cover between third grade and eighth grade. And he said, “Oh. 
I think I have to go back and redesign my course.” This fellow’s 
name is Phil Sokolove, and to this day he is back in the programs 
looking for ways to improve his basic science courses, not just for 
teachers but for science majors as well to be more hands-on, be 
more integrated, and more articulated across times. It has been a 
real strong program. That is just one outcome of that particular 
program. 

I am going to mention another program that I think is very im- 
portant. This program is called the Urban Teacher Education Pro- 
gram. It actually is K-12, and it is out of the Department of Edu- 
cation run by Johns Hopkins, UMBC, and Morgan State all in 
Maryland. What we are doing is for post-baccalaureate folks, put- 
ting them in urban settings with intense support and at the same 
time teaching the coursework in the combination of methodology 
and content. And the intent of this one is to be very supportive, 
and in some cases these folks are really not ready to teach science, 
and so what we have to do is work with them on their science skills 
as well as on their educational skills. This is about a 3-year pro- 
gram. 

And now I am going to come to what I will call the financial 
package. How do you get people to move from their current jobs to 
this particular circumstance? And quickly, I think what we have 
tried to do is not only put together tuition scholarships and support 
but computers, books, and I would — and we are now looking at 
childcare for some of these folks so that they complete both pro- 
grams at the same time. I realize I am out of time. Let me just say 
very qviickly, and I haven’t really gotten to collaboration, ^though 
I think it is quite obvious. One more, just one more small element. 
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We are working currently with engineering deans and education 
deans to support an integrated program that brings problem solv- 
ing K—12. And I could go on with a number of other programs. 
What works? Strong content and inquiry skills among our teachers. 
Strong support and mentoring of those not just by teachers but by 
principals as well. A strong collaborative model. We are now in- 
cluding places like the Chesapeake Bay Foundation in a lot of our 
coursework. And continuing to get a lot of support from the univer- 
sity and from both arts and sciences and education. Thank you 
very much. 

[The prepared statement of Dr. Eugene Schaffer follows:] 

Prepared Statement of Eugene Carl Schaffer 

Thank you for inviting me to testify regarding developing high quality science and 
mathematics education programs for all students. I womd like to focus my com- 
ments on the content of science education, innovation in programs, delivery of pro- 
m*ams and increased collaboration. Most of my comments are informed by findings 
based on practical problem-solving strategies and fiioughtful, research-based efforts 
developed by faculty at University of Maryland Baltimore Count/s (UMBC) and 
used to create successful teacher preparation programs. 

The first of UMBUs efforts has been the conscious effort by the faculty of the 
Education Department to assure the proOTam’s graduates are well prepared for the 
classroom. UMBC requires all teacher education graduates to obtain a degree with 
a major in the subject area to be taught, plus course work and on-going field experi- 
ences. There are no undergraduate education majors at UMBC. Their coursework 
includes learning theory, human development, subject-matter teaching methods, use 
of technology, classroom organization and management, reading, diversity and the 
education of studente with special needs. UMBC’s Teacher candidates participate in 
a 100-day internship in a partnership school prior to their graduation or certifi- 
cation. 

These standards for content and pedagogy are the same for community college 
transfer students and post-baccalaureate students returning for a certificate to 
teach. The performance of our community college transfers is of keen interest to the 
department as over 65% of our undergraduates come from this population. Our in- 
terest in our post-baccalaureate students is equally strong as this group of teacher 
candidates supphes most of our science and mathematics teacher candidates. 

Standa^s and recruitment alone will not give the nation enough high quality 
teachers in science and mathematics. To support the community college students, 
the university has reached out to our high schools and community colleges through 
arrangements called 2 + 2 + 2 agreements, which permit students to move rapimy 
and easily between the institutions. The agreements include advising and support 
for high school students, joint admission to the community colleges and UMBC, ac- 
ceptance of all transfer courses, and scholarships for students in the program. For 
our post-baccalaureate students who are chan^g careers, we offer graduate de- 
grees connected to the course work as recognition of their work, flexible course 
schedules, and in some programs financial packages the permit easy transitions be- 
tween their current employment and teaching. I will speak in more detail about the 
“packages” later in my testimony. We believe these strong content-orient teacher 
education requirements provide a long-term strength to our students and prepare 
them for the demanding and changing profession they have chosen. 

Throughout the program, we support teacher candidates to become successful 
teachers by participating in 100-day internships at partnership schools during their 
last year of the program. Partnership schools are collaboratively formed between 
schools systems and the university to employ the resources of Pre-K-12 and higher 
education to improve teacher preparation, continued professional development, ac- 
tion research and student achievement. Called Professional Development School 
Cluster Partnerships (PDS), the PDS seeks to create a community of learners at all 
levels, bridge theory and practice and create a school culture where i^uiiy, action 
research and reflection are ongoing and valued professional practices. The emphasis 
on content knowledge and extended field experiences or internships comes fix)m nu- 
merous studies, professional organizations standards, and feedback from teachers, 
principals and supervisors. These programs can be enhanced and strengthen 
through a number of strate^es, but are not enough however to assure sufficient 
numbers of enough high quality teachers for the profession. 
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I would like to briefly describe four programs at UMBC that provide opportunities 
for students to become teachers or for teachers to enhance their specific subject mat- 
ter knowledge particularly in the sciences. The first program. The Elementary 
Science Intern tion Project (ESIP) www.umbcfedufESiPf is a National Science 
Foimdation (NSF)-supported, University of Maryland Baltimore County-sponsored 
consortium of elementary and middle school teachers who are engaged in enhancing 
and inte^ating science learning in kindergarten through eighth CTade. Through 
summer institutes, imiversity staff support, a variety of professional resources and 
contacts, meetings, workshops, and teacher- to-teacher dialogue and networking, 
ESIP participants investigate connections between science and other curricular 
areas, particiilarly reading and writing. Participants, many of whom admit that 
they enter the program uncomfortable with science, come to the project with a diver- 
sity of experiences, challenges, and strengths, and all are interested in exploring 
new ways to encourage scientific inquiiw in their classrooms. 

ESIP is designed as a teacher-to-teacher forum through which participants engage 
in authentic science investigation, collaborate with exceptional teachers, practice 
models of scientific inquiry and meeuiingful curricular integration, and meet profes- 
sional scientists and authors of children’s science books. Summer institutes, aca- 
demic year follow-up, and staff support, as well as liaisons with school districts, pro- 
fessional organizations, and content experts are integral pieces of the program. Ac- 
tion researcn, publication, and a commitment to dissemination are key responsibil- 
ities of teacher participants. 

Teachers who participate in ESIP programs take part in their own scientific in- 
quiiy and engage in productive questioning skills, investigation strategies, data col- 
lection techniques, and communication strategies that include reading, writing, lis- 
tening, and speaking. They identify links between local science curricula and stand- 
ards and other disciplines, especially reading and writing as they explore strategies 
that allow students to identify their own scientific questions and build on their own 
backgrounds, strengths, and learning styles. Teachers are provided time to reflect 
on their own classroom practice and conduct action research projects. 

The Elementary Science Integration Project (ESIP) grew out of the work of Dr. 
Wendy Saul, Professor of Education at UMBC, who built on her expertise in lan- 
guage arts and literature in elementary classrooms and her increasing awareness 
of and attention to the incorporation of authentic science investigation in classroom 
practice. Dr. Saul developed a program through which elementary and middle school 
teachers could use inquiry science as the basis for meaningful curricular integration 
(most specifically, purposeful reading and writing). Based on these efforts, the teach- 
ers in the project turned out si^ificant contributions to the field of science edu- 
cation that include five books, six articles and two videos related to the teaching 
of science. Since the inception of the program, six ESIP teachers received the Presi- 
dential Award for Excellence in Science Teaching. 

One current effort of the ESIP project includes a teacher-led conference called: 
Science Stories, Classroom Stories: A Tribute to Jean Craighead George to be held 
May 5, 2001 at UMBC. The keynote speaker will be the award-winning author Jean 
Craighead George, frequent collaborator with the ESIP project. You are all invited. 

A second effort of this NSF supported project. The Kids’ Inquiry Conference (KIC) 
grew out of ESIP teachers’ interest in finding an alternative to the traditional 
science fairs. In place of the competition that is emphasized in the science fair, KIC 
is modeled after professional science conferences. The main goals of the student con- 
ference are to provide children with opportunities to share the excitement of their 
discoveries with students from different schools, to critically consider the credibility 
of their own research, and to draw upon the discoveries of other student-scientists. 
We hope that this concept — children sharing authentic science in a non-competitive 
and supportive atmosphere — ^will be stretched and modified to suit the needs of 
many student-scientists and their teachers. You ^can find out a great deal more 
about this program at www.umbc ! edu ! kic, I recommend this site. In particular, 
there is a report from Megan Dieckman who discusses her initial foray into original 
scientific investigations of polymer as part of the only girl-boy group in the fourth 
grade. It is a glimpse into a young person coming to scientific inquiry in a manner 
we would wish for all children. From this beginning in the Fourth grade to her cur- 
rent junior year in high school, Megan continues her work linking science and lit- 
eraiy. She has been accepted into the prestigious University of Virmnia’s Summer 
Writing Program based on a work submitted for review at UVa of her experiences 
in ESIFs Kids’ Inquiry Conference. 

There is a great deal to learn from ESIP and projects like it. For example, there 
is acc^tance and interest of elementary teachers to work in an area they often shy 
away from or consider “less essential” or critical than reading or mathematics when 
they learn to integrate science into the school day. Science and literacy are better 
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understood as mutually beneficial when intertwined in teaching. Original readings 
in science, children books on science and resources including tapes, websites, and 
projects with working scientists are powerful tools for the classroom. Teachers also 
find science meanin^ul when they and their students act as scientists rather than 
consumers of science. It takes time and reflection for elementary teachers to become 
comfortable with science content and teaching it in the classroom. Each of these 
ESIP ideas and many more can form the foundation for future projects, materials 
and teacher training in science. 

If this project is good news for science education in the elementary grades, there 
are equally promising programs for the middle grades. The Maryland Collaborative 
for Teacher Preparation (MCTP) is a statewide undergraduate program for students 
who plan to become upper elementary or middle school teachers. The Collaborative’s 
goal is to produce teachers who are confident teaching mathematics and science, and 
who can provide an exciting and challenging learning environment for all students. 

This undergraduate program includes specially designed courses in science and 
mathematics, taught by instructors committed to a hands-on interdisciplinary ap- 
proach. Internship experiences offer genuine research opportunities in business, in- 
dustrial and scientific settings and teaching experiences in science centers, zoos and 
other institutions. The MTCP program also provides modem technology, placement 
assistance, support for the first year of teaching and financial support. Teachers 
graduating from this gain a deeper understanding of science and mathematics and 
strategies for interactive teaching of their subject through a deeper conceptual un- 
derstanding of science and mathematics. At UMBC, this project also led to the sig- 
nificant involvement of members of the Biology Department in the teaching of basic 
freshman coursework from an integrative and hands-on approach. Their instruction 
was observed by members of the education faculty for teaching effectiveness and 
subject matter linkage to K-12 school curriculum. To this day, members of the 
science faculty participate in the discussion of the quality of undergraduate teach- 
ing. Also, research on teaching is ongoing and expanding understanding of inter- 
active teaching impact on student learning and student commitment to the sciences. 

The contribution of this NSF grant to teaching at both the middle grades level 
and the undergraduate level suggests long-term study of science teaching that can 
improve the teaching of science at all levels. The extension of this work to teacher 
in-service and graduate-level programs is clearly an area needing more attention 
and review. Attention in science instruction for teachers is not just an issue of the 
quality of teaching. It is increasingly clear that it is difficult for teachers and pro- 
spective teachers to gain the necessary science and mathematics content coursework 
to gain a deep understanding of science and mathematics. 

Two problems face students retiuming for science or mathematics course work. 
One is the lack of available courses in evenings, weekends or summers when they 
are available to attend classes. The demands of the university for research and pub- 
lications o^n causes the faculty in the sciences and mathematics to work on re- 
search projects in industry, and government, or on grants during the summer. Few 
courses are taught in the evening or weekends as well as most faculty members 
teach during the day to full time graduate students. Classroom teachers needing ad- 
vanced course work to meet content requirements often are sent to community col- 
leges to complete the necessary hours for a program. While community colleges offer 
significant value to students, the community college mission does not include ad- 
vanced level undergraduate or graduate coursework for return students. 

When teachers and teacher candidates can register for university courses taught 
at the graduate level, the course often focus on a very narrow area of study, or is 
outside of the undergraduate ei^ertise of the teacher, or is in an area unrelated to 
high school curriculum. These offerings are often of little value to the teacher in his 
or her work in middle or high schools and yet, demand significant effort to gain un- 
derstanding and success particularly when, for example. Chemistry major may be 
forced to take advanced Biology course work or a biologist to take physics. This lack 
of fit often discourages teachers or teacher candidates from updating or enhancing 
their content knowledge. There are strategies to overcome these problems. 

The University of North Carolina System provides math ana science instruction 
at six centers located at universities throughout the state. The centers promote col- 
laboration on workshops, course work and research among public schools, depart- 
ments of education ana departments of mathematics and the sciences. These centers 
offer course work in the sciences and mathematics at times teachers can attend and 
develop rigorous courses related to teachers’ academic areas of instruction. This is 
a step in the right direction, but in many locations it remains difficult for teacher 
candidates to gain the necessary background to complete science and mathematics 
programs. This impediment often reduces the number of interested postgraduate 
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teacher candidates who, if they remain committed to teaching, find a certification 
area other than mathematics or science to fulfill their dreams. 

The Urban Teacher Education Program (UTE) is a UMBC post baccalaureate 
teacher program www.umhc.edu.ute worth examination for its contribution of a 
strategy to recruit teachers and to integrate content and pedagogy in their edu- 
cation. It is not a science education program, but it holds promise for recruitment 
and retention of science teachers in our most diverse and disadvantaged urban set- 
tings. Briefly, the UTE program is part of a collaborative program with The Johns 
Hopkins University, and Morgan State University to recruit and retain high quality 
teachers for urban settings. The two elements of particular interest to this com- 
mittee are (1) The integrated instructional strategy used to teach content and peda- 
gogy and (2) The recruitment strategies used to interest prospective teachers in 
urban teaching. Building on the K-12 curriculum, professional society standards 
and national standards for teaching, the UTE program offers modules of instruction 
for students to meet a competency-based certification program. The teachers learn 
the content while learning strategies to teach their students the same materials. 
Most of these teacher candidates are working in urban settings in Baltimore and 
neighboring school districts as provisional teachers. The teachers use the integrated 
materials in the classroom soon after they learned it in the classes. Teachers com- 
plete this program while working full time in the schools and devoting weekends, 
summers and evenings to their courses. These teachers also receive intensive men- 
toring and supervisory support while learning to work in urban settings. 

The recruitment element of the program provides tuition, salary or stipend, books 
and computers to teachers committed to a teaching career in urban schools. By of- 
fering a “package” of financial incentives and support to teachers that covers their 
transition to a new location and position, the school districts and university can at- 
tract teachers for urban positions. The support for this package is a combination of 
funding from the school systems, university, and federal grants, A creative model 
for scholarships and teaching support could be developed from this current model 
for science and mathematics teachers that might be similar to packages given em- 
ployees of firms with special skills who have been asked to change locations or given 
promotions. Recruiting programs that offer support other than salary differentiation 
may be a more successful and less divisive method to recruit teachers to areas of 
shortage than differentiated pay. 

The list of offerings and programs at UMBC could go on, but I will only mention 
two more. The first is Department of Biological Sciences summer workshops for high 
school teachers. This one-week hands-on workshop on recombinant DNA technology, 
and was offered by Julie Wolf, an instructor from the Applied Molecular Biology 
Program, in collaboration with a high school teacher from Mt. St. Joseph High 
School. The second is an ecology program for teachers through the Chesapeake Bay 
Foundation in collaboration with UMBC’s Department of Education, This site-based 
pro^am involves teachers in exploring the importance of the Bay to the Baltimore 
region and all ecological elements of the community from Hagerstown in the west 
to Chestertown on the Eastern Shore, 

This inquiry-driven program communicates scientific inquiry through materials, 
workshops and mentoring. As a field -based program the course work offers hands- 
on activities for K-12 teachers that they can take back to classes as both content 
and method. UMBC offers these courses for credit and has submitted a proposal for 
a series of courses that will lead to a graduate certificate in ecological studies for 
teachers in recognition of their expertise. This certificate may become a content 
strand of graduate degrees in the friture. 

The theme of these last two programs is collaboration. We have not yet tapped 
all of the resources available to us. Collaboration is difficult and time-consuming 
work, but support for inventive collaborations can make the sum greater than the 
parts for teachers and children. The two collaborations here are department to de- 
partment and between institutions. There are equally beneficial program collabora- 
tions among schools, universities and businesses that can be explored for the im- 
provement of teaching and learning. 

Current Plans and Activities 

If I may, I will use a personal stoiy to illustrate our direction at UMBC. My 13 
year-old son, Stefan, is beginning to explore career ideas. He asked the other day 
‘What does an engineer’s do?” Later the same day, he was studying parabolas in 
mathematics and asked, ‘WTiat will I ever use this for?” Ever the teacher, I took 
him out to look for curved shapes in the built world. I showed him circular stairs 
built by his great uncle who had a 6th grade education, but who could design and 
build the most complex stairs. With my background in English and History, I was 
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no more prepared to assist him with his questions than I was to build the stairs. 
What do engineers do? 

Shlomo Carmi, Dean of Engineering and passionate promoter of Engineering and 
Education, says Engineering is the invisible profession. From my own experiences, 
my son’s and my work with schools supports this idea. But this can change. Since 
my arrival at UMBC last fall, I have had the privilege work with the College of En- 
gineering to improve teaching in Engineering classes, increase awareness of engi- 
neering among K-12 students and teachers, and develop ideas to increase our abil- 
ity to teach mathematics and science through engineering. The most immediate and 
tangible outcomes of these activities is working with the Institute of Electrical and 
Electronics Engineers, Inc www.ieee.org to bring together 50 deans of education and 
their 50 counterparts in engineering to discuss K-16 curriculum from their own per- 
spectives. Taking the Lead: A Deans Summit on Education for a Technological 
World is scheduled for the October 1-2 2001 in Baltimore. This conference has the 
goal of making engineering more visible in K-12 education and improving the teach- 
ing in engineering schools. In particular, the Deans will discuss potential integra- 
tion of mathematics, science, technology and engineering in K-12 schools such as 
those implemented by the State of Massachusetts, the preparation for both pre-serv- 
ice and in-service teachers, and the development of hands-on training for teachers 
of science and mathematics using engineering problems. The goals of the conference 
are also to work with engineering faculty to help enhance moving engineers into 
teacher training programs. As an outcome of the meeting, it is hoped all of the par- 
ticipating schools will develop a specific, realistic action plan to begin collaborations 
on campus and form better collaborations with community colleges. AT UMBC, we 
are circulating a proposal to create an engineering and education center for the pro- 
motion of engineering education and we are reaching out to schools in the commu- 
nity to create a problem-solving course at the high school level. 

--The university is also in discussion with the schools and business community to 
develop a K-12 program that provides internships & jobs w/leading businesses, cer- 
tificate programs, (e.g., Cisco, A-f, etc.,) Instruction^ Technology (IT) internships 
linked to coursework and post-secondary scholarships for IT Academy students. The 
Academy would offer curricula tailored to regional IT industry and post-secondary 
academic standards, infuse technology-internship hands-on activities into the class- 
room and offer academic support for pre-identified students and their parents. The 
school would use a small schools approach to HS reform with curricular, financial, 
staffing, and scheduling autonomy and it would begin small, enroll new cohort of 
students each year. UMBC would recruit and prepare teachers. The program would 
offer incentives for recruiting and retaining faculty, internship-enhanced technical 
training for faculty and a problem- and performance-based program. Student sup- 
port and parent engagement would be critical to the success of the program as well 
as high school to university academic and social supports. 

UMBC initiated advisory boards among the arte and science proCTams to foster 
relationships among schools, community colleges and the university that permit can- 
did conversations about some challenging issues. Student preparedness, content- 
preparation of teachers, articulation with commiinity colleges, the nature and qual- 
ity of the transfer experience, advisement practices, assessment and accountability 
in the high schools, teacher professional development, expectation differences across 
the 12-13 boundary, and post-secondary teacher preparation curriculum have all re- 
ceived attention from the groups at some time or the other. Outgrowth from these 
conversations are numerous and have included: environmental scans of student 
preparation in the high schools, summer credit-bearing graduate courses in dis- 
ciplines for high school teachers, articulation discussions and agreements with com- 
munity colleges, hosting of special activities for high school students, and establish- 
ment of focus groups or special task forces to look at specific issues with supervisory 
level personnel ana faculty from UMBC. 

This review of UMBC’s efforts and dreams to improve the teaching of mathe- 
matics and science is incomplete, but I hope you have profited from this summary 
and the contributions these findings may make to future support of science and 
learning teaching and learning. As I noted in my opening statement, I focused my 
comments on the content of science and mathematics education, innovation in pro- 
grams, delivery of programs and increased collaboration. The pressures to place 
teachers in front of classrooms are enormous and school system cannot disregard 
their mandates to teach all their children. Yet, we can not permit teachers who have 
not met rigorous standards to teach in our classrooms. We must find the will to in- 
sist on the standards and provide the resources to assist our citizens to become 
teachers. To this end, I encourage you to consider the following suggestions as you 
deliberate future support of science and mathematics education. 
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I would like to see high school teachers, and even middle school teachers, be con- 
fident that they are experts in the topics they teach and feel up-to-date their field. 
To this end the support of additional course work and workshop opportunities are 
needed for teachers continuing in the profession as well as those new to the held. 
The course work must be rigorous and, at the same time, related to the content of 
high schools and middle schools. Yet these offerings must permit teachers, and 
teacher candidates to use a variety of instructional models to meet their own time 
constraints. These alternatives may include modules, on-line or web-based instruc- 
tion as well as weekend and short-term courses. The Chautaugua-style program 
used by NSF with college faculty have a great deal to offer classroom teachers who 
are asked to spend more time in school during the year and, in many states, have 
a longer school year then just a few years ago. Also, I have used the idea of *liand- 
on instruction.” What I have in mind is suggested in the work of the Chesapeake 
Bay Foundations inquiry models or Wendy Saul’s ESEP where teachers have more 
freedom to try their own way of instilling enthusiasm for their topic in the student. 
The Kids Inquiry Conference is just such an outgrowth of teacher-developed strate- 
gies. 

Recruitment and retention are continuing themes in teacher education. I do rec- 
ommend a more complete scholarship package that uses the strategies business use 
to attract and maintain facility. Training, development, and transition fimding to 
begin a new career could be part of these packages. You may wish to consider mov- 
ing or technology support as p art of this funding. But let me offer a caveat as well. 
As can be seen ftnm the UTE program, mentoring is a critical part of teacher suc- 
cess. I recommend that scholarship support be given only with a strong mentoring 
program to assure teachers remain and succeed in their positions. While mentoring 
pro^ams may seem expensive at first, the cost of continually finding, training and 
retaining new teachers is both financially draining and detrimental to the establish- 
ment of stable and knowledgeable school faculties. 

Two elements of mentoring are often overlooked and I want be particularly ex- 
plicit about these two areas. In the first year of teaching, support is often situa- 
tional and supportive. “How do I handle this situation?” or “Am I a good teacher 
are critical issues?” Often by the second year more question emerge such as “What 
is the best way to teach photosynthesis?” or “How do you get your students to un- 
derstand the concept of mass?” In these later cases, mentoring by content specialists 
is critical. While mentoring to retain teachers has gained support, little research on 
determining the importance of content effectives in the second or third year has 
been undertaken. A focus on content mentoring is well worth consideration. The as- 
surance of a qualified content mentor for new teachers, particularly in their second 
and third year, will increase their likelihood of staying in teaching and becoming 
an effective teacher. 

The second emphasis of mentoring must be on the role of the school leadership. 
Like any other leader, a principal’s beliefs and values regarding science and mathe- 
matics inform his or her decisions, yet little attention has been given on how a prin- 
cipal makes decisions regarding the teaching of mathematics and science, particu- 
larly at the lower grades. Even less is known about the impact of department heads 
or team leaders in high schools and middle schools on the science and mathematics 
curriculum. Support of these two groups may have long term impact on ^e success 
of school science and mathematics programs. We don’t know enough about these 
leaders and their contribution to the success of mathematics and science programs. 

Finally, please consider supporting projects that incorporate the use of resources 
and expertise from a variety of institutions. We have not tapped the resources avail- 
able to us, but collaboration such as described in the Deans leadership model or IT 
Academy is difficult and time-consuming work. Support for inventive collaborations 
can make the sum greater than the parts for teachers and children. There are many 
equally beneficial program collaborations among schools, universities and businesses 
that can be explored for the improvement of teaching and learning. There is a rich 
and promising future for collaboration in science and mathematics education. It will 
be only limited by our imagination. 

Thank you again for your time and interest. 

Eugene C. Schaffer I 

Chair and Professor 
Department of Education 
University of Maryland-Baltimore County 
Baltimore, Maryland 
410— 455“2466; schaffer@umbc.edu 
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Abstract 



Developing high quality science and mathematics education programs for all stu- 
dents involves the integration of high standards, increased opportunities for study, 
inventive and substantial financial support for teacher candi (fates and collaboration 
among schools, university, businesses and non-profit organizations. This testimony 
draws on findings from practical problem-solving strategies and thoughtftil, re- 
search-based efforts developed by faculty at University of Maryland Baltimore 
Count^s (UMBC) and others for use in creative successful teacher preparation pro- 
grams. 

The faculty of the Education Department assures the program's graduates are 
well prepared for the classroom by requiring all teacher eciucation graduates to ob- 
tain a degree with a major in the subject area to be taught, plus the study of teach- 
ing and on-going field experiences. UMBC’s teacher candidates participate in a 100- 
day internship in a partnership school prior to their graduation or certification. In 
support of these high demands the university has developed linkages with school 
districts, community colleges, nonprofit organizations and businesses to provicie fi- 
nancial and programmatic support for the teachers. Future interests include the de- 
partment’s expansion into ecology studies, linkages with engineering and the inte- 
gration of literacy with science. 
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Chairman Smith. Thank you, Dr. Schaffer. Mr. Gamer. 

STATEMENT OF DAVID GARNER, PROJECT DIRECTOR, OKLA- 
HOMA CITY PUBLIC SCHOOLS, URBAN SYSTEMIC PROGRAM 

Mr. Garner. First I would like to start out by saying that my 
comments, although some of them are harsh, are coming from the 
people in the trenches actually tr 3 dng to implement reform in the 
classroom and teach children in the classroom. Over the last few 
days I have contacted several teachers throughout the State of 
Oldahoma, a couple in other states, and tried to get input from the 
people actually in the field. 

First, I commend this Committee and President Bush for its mis- 
sion to improve math and science education and leave no child be- 
hind. This is a very important and vital mission that can be accom- 
plished with a focus on the key element to any school reform, that 
being the teachers. 

As you can see in my written testimony Oklahoma City Public 
Schools has seen true benefits from the Oklahoma Teacher Edu- 
cation Collaborative funded by the National Science Foundation. 
This program was successful in addressing its goal of improving 
math and science teacher development at the university level. 
However, the program did not provide adequate support to achieve 
true, sustainable reform. 

Unfortunately, inadequate support and non-systemic reform ef- 
forts are apparently the norm in public education. Partnerships 
and other K-12 reform efforts must focus on the teacher as the cat- 
alyst for change. If we are to focus on leaving no child behind, then 
we cannot continue to leave our teachers behind. This includes 
teachers in specialty areas such as ESL and special education 
teachers who are expected to teach children math and science but 
have little or no background in those fields. 

Major obstacles the education profession faces each day in the at- 
tempt to support our teachers are the limited time and resources 
available to us. Many reform efforts such as OTEC have out- 
standing goals and intentions but are not funded at a level suffi- 
cient to address real reform. In addition, many other reform efforts 
focus on limited, non-effective professional development and pack- 
aged education programs that have little or no impact on student 
learning at the classroom level. 

A 4-year teacher preparation program with very limited field ex- 
perience is not adequate support. We must analyze and reform the 
teacher preparation programs and develop partnerships between 
universities and K-12 districts with input at the K-12 level that 
are specifically designed to provide continuous, professional growth 
opportunities for our teachers. Teachers must, just as doctors, law- 
yers, and many other professionals, be exposed to constant profes- 
sional growth opportunities. Just as considered in many professions 
teachers must enter a practice when leaving their undergraduate 
program. We can no longer expect 4 years of preparation to be ade- 
quate. Reform efforts must focus on providing more training, re- 
sources, support, and research as the classroom level to make sure 
those training efforts are effective at the classroom level. 

This will require expanding the windows of opportunity for pro- 
fessional development for all teachers and adequate resources to 
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support quality research-based opportunities. The National Science 
Foundation recommends a minimum of 60 hours of concentrated 
quality professional training to result in improvements at the stu- 
dent level. Teachers must be prepared in science, in math content, 
effective practices for teaching, and have a much deeper under- 
standing of standards-based instruction to successfully prepare our 
students. Yet most reform efforts do not accomplish these tasks. 

Funding opportunities must provide sufficient resources for true 
reform to take place. Inadequate training and support, whether it 
be through partnerships or any reform effort, must not be accept- 
able. 

I encourage this Committee to focus on providing for real sys- 
temic change and support the NSF. That is all. 

[The prepared statement of Mr. David Gamer follows:] 



The following bulleted items are the focus of my testimony to the Committee 
based on my professional experiences and observations as a science teacher and K- 
12 education reform administrator: 

1. What partnerships have been most productive in fostering improved teacher 
pr^aration, teacner enhancement and curricular improvement and what were 
the key elements that made those partnerships so successful? 

• The Oklahoma Teacher Education Collaborative (OTEC) was funded by the 
National Science Foundation to improve teacher preparation at the university 
level and to benefit classroom teachers through professional development op- 
portunities. This program originated at Tulsa University with my primary 
contact being the Master Teacher in Residence at the University of Central 
Oklahoma. Master Teachers in Residence are experienced K-12 classroom 
math and science teachers who have completed significant additional training 
to help prepare other teachers. Our Master Teachers worked at the university 
to assist in the preparation of new teachers. The goals of the OTEC program 
include providmg innovative methods of recruiting teachers, reforming under- 
graduate curriculum for teacher preparation, and increased retention of new 
teachers in their initial years in the classroom. 

• Oklahoma City Public Schools benefited from OTEC through training pro- 
vided to our district math teachers and through the partnership establisned 
with Oklahoma City Public Schools and the School of Math and Science at 
the University of Central Oklahoma. The School of Math and Science, which 
is separate from the School of Education at UCO, provides coursework in the 
math and science content areas while students con^lete their education the- 
ory coursework within the School of Education. OTEC’s presence at UCO has 
had a impact on how math and science teachers are prepared in both mathe- 
matics content and teaching methods. This has improved at UCO over the 
past four years. 

• This partnership made progress towards improving teacher preparations in 
math and science at UCO as well as provide in-service and expertise at the 
K-12 level. 

• Unfortunately, however, the partnership did not accomplish reform within the 
School of Education at UCO as needed. The School of Education continues to 
produce teachers who are not adequately prepared to enter the urban school 
classroom. This is due, in my experience in working with new teachers, to the 
limited amount of coursework and field experiences at the university level. In 
short, the teachers are not gaining the experience needed within a four-year 
degree program. Therefore, the continued partnership between K-12 districts 
and universities is vital to supporting the teachers aJter their undergraduate 
experience. 

2. Based on your experiences with partnerships involving institutions of higher edu- 
cation and/or industry, what are the major barriers to full implementation that 
should be considered in developing partnership programs? How can we ensure 
that partnerships meet the different needs of classroom teachers, school adminis- 
trators, district administrators and policymakers? 
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• Based on my experience, the major barrier to full implementation involves the 
lack of time and resources devoted to true collaborations between the K— 12 
and university entities. 

• In education, time is the most valuable and limited resource in preparing our 
teachers. When partnerships are formed, the time issue is always a factor. 

• Partnerships must have realistic goals and expectations and must provide 
adequate resources and schedule modifications so that teachers can partici- 
pate filly in effective professional development programs. Too many reform ef- 
forts focus on short-time professional development activities that have little 
or no significant impact on classroom instruction. Effective professional devel- 
opment must be supported at a level in which adequate training can be fol- 
lowed up with significant classroom experiences, coaching, mentoring, and 
true research to provide evidence of effectiveness. Unfortunately, many part- 
nerships and other reform efforts are not supported at the appropriate level 
to accomplish high-quality reform for the children. 

3. It is one thing to develop a model program and yet another to implement this 
model in a district- or state-wide effort. How can funding opportunities best be 
structured to facilitate fiU implementation of model programs so that they have 
the breadth necessary to achieve true reform? 

• ^ain, we must address the time issue. True systemic reform, at the univer- 
sity or K~12 level, takes time to develop. In addition, we have very limited 
time to access teachers, administrators, and undergraduate students to im- 
pact the change. 

• Partnerships, as well as other reform efforts, must address the following re- 
strictions: 

o It is very evident that the amount of knowledge and experience that entry 
year teachers have when they enter the classroom for the first time is not 
adequate. Reform efforts must discover ways in which to improve teacher 
training programs as well as provide additional field experiences. 
Specifically, partnerships between K— 12 districts and universities must 
focus on supporting teachers at the classroom level after they leave their 
undergraduate experience. We cannot continue to send teachers into the 
classroom with limited support and resources to serve our children, 
o Due to the limits on how much “time” we can expect our teacher prospects 
to spend in college, we must adopt a nationwide approach to promoting 
respect for the education profession. 

Which brings my testimony to a closing statement: 

Teachers must, just as doctors, lawyers, and many other professions, be exposed 
to constant professional growth opportunities. Just as considered in many profes- 
sions, teachers must enter a “practice” when leaving their undergraduate program. 
We can no longer expect four years of preparation to be adequate! Reform efforts 
must focus on providing more training, resources, support, and research at the 
classroom level. This will require expanding the windows of opportunity for profes- 
sional development for all teachers and adequate resources to support quality re- 
search-based opportunities. The National Science Foundation recommends a min- 
imum of 60 hours of concentrated quality professional training to result in improve- 
ments at the student level. Teachers must be prepared in science and math content, 
effective practices, and have a much deeper understanding of standards-based in- 
struction to successfully prepare our students. Yet, most reform efforts do not ac- 
complish this task. Funding opportunities must provide sufficient resources for true 
refonri to take place. Inadequate training and support, whether it be through part- 
nerships or any reform effort, must not he acceptable. I encourage this Committee 
to focus on providing for real systemic change for our children! 
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Chairman Smith. Mr. Gamer, you must have been a great teach- 
er. You did it under 5 minutes. 

Mr. Garner. And the first one. 

Chairman Smith. Dr. Parravano. 

Mr. Garner. A lot of practice. 

Chairman Smith. Thank you. Dr. Parravano. 

STATEMENT OF DR. CARLO PARRAVANO, EXECUTIVE 
DIRECTOR, MERCK INSTITUTE FOR SCIENCE EDUCATION 

Dr. Parravano. Chairman Smith, Congresswoman Johnson, and 
distinguished members of the Subcommittee. Thank you for this 
opportunity to comment on the role of school business partnerships 
and improving math and science education. 

Merck has a long and proud history of corporate support for edu- 
cation. Long before partnerships became popular Merck contributed 
grants, gifts, and the talent of its employees to the improvement 
of science education. These efforts, while generous, were limited in 
scope and were not guided by specific goSs. In 1993 Merck, moti- 
vated by a deep concern about the quality of science instruction 
and a desire for a more strategic approach to education refonn, cre- 
ated the Merck Institute for Science Education. 

The goal of the Institute was to raise the levels of student par- 
ticipation and performance in science so that all children could 
meet rigorous national and state standards. Recognizing the scope 
of this challenge the company’s commitment to the Institute was 
long-term. 

Why has Merck made this serious commitment? In the words of 
Merck Chairman, Raymond Gilmartin, because science education is 
the lifeline of our business. Merck’s success is built on innovative 
research and development requiring scientists of the highest cal- 
iber whose interest in the natural world was stimulated at an early 
age and was sustained and developed throughout life. 

T^e Institute is guided by a vision of high quality instruction in 
which guided inquiry is a regular part of the classroom experience 
of all students. In this way science teaching and learning parallel 
the methods used by scientists to unders^nd the natural world. 

Our strategy at the Institute is to simultaneously work in four 
different areas. First, to enhance teachers’ knowledge and skills, 
second, to provide good instructional materials, third, to build 
strong, professional communities across and within schools, and 
fourth, to create local, state, and national policy environments that 
support our vision. 

According to our external evaluators from the Consortium for 
Policy Research in Education our work is taking hold. First, science 
has become our priority in our school districts. There is a stand- 
ards-based curriculum in place, and district leaders are actively 
supporting its implementation. Second, we have learned how to 
provide high quality, professional development and to do so at con- 
siderable scale. And third, the bottom line, the improvement of stu- 
dent performance. Analyses of student performance on standard- 
ized tests reveal that students who have received science instruc- 
tion over several years from teachers who have participated in the 
professional development outperform students who have been 
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taught by non-participants. We have learned important lessons 
from our experience. 

First, if you build good professional development programs and 
they are seen as worthwhile, teachers will come volimtarily. Sec- 
ond, better assessment tools in science are needed. Although teach- 
ers are seeing improved student work in their classrooms, the 
available assessment measures do not adequately demonstrate this 
change. Third, the state policy context can play a pivotal role in 
stimulating instructional reform. And fourth, we have learned that 
this work is very hard to sustain, it is messy, and it isn’t for the 
faint-hearted or easily-winded. 

There are certain key elements of our programs that we believe 
are critical to our success. They are a long-term commitment, a 
sharp and imwavering focus, an emphasis on building capacity, and 
the constant attention to evaluation and benchmarking of results. 
Above all, Merck’s corporate reputation for high-quality scientific 
work and high ethical standards brings credibility to our work. 

As noted author Seymour Sarason has written, the failure of edu- 
cational reform is the failure to touch deeply and profoundly the 
entrenched culture of schools. Thus, despite the millions of dollars 
poured into changing schools and the endless hours educators have 
devoted to adopting new practices, the educational landscape in 
this country remains largely unfazed. 

The Merck Institute for Science Education has demonstrated its 
ability to row against this stubborn current. Science education in 
our partner school districts is no longer in the wings. It occupies 
center stage as an emotionally-engaging and intellectually-chal- 
lenging experience for students. Thank you very much. 

[The prepared statement of Dr. Carlo Parravano follows:] 

Prepared Statement of Dr. Carlo Parravano 

BACKGROUND 

In 1983, the National Commission on Excellence in Education released its scath- 
ing report entitled A Nation at Risk. In the introduction, the Commission wrote, 
“We report to the American people that while we can take justifiable pride in what 
our schools and colleges have historically accomplished and contrihuted to the 
United States and the well-being of its people, the educational foundations of our 
society are presently being eroded by a rising tide of mediocrity that threatens our 
very mture as a nation and a people.” In particular, the report detailed the steady 
decline in science achievement scores by U.S. high school students. 

More recently, the National Commission on Mathematics and Science Teaching 
for the 21st Century — the Glenn Commission — underscored the urgency for edu- 
cation reform in its report to the nation entitled “Before It’s Too Late.” In the com- 
mission’s words, “our students’ performance in mathematics and science is unaccept- 
able.” 

To adless these issues, schools and businesses have been entering into partner- 
ships with increasing frequency over the past two decades. Many companies have 
become involved with schools in increasingly complex ways, moving from their ini- 
tial instincts to provide materials and money, or to “adopt” schoms, toward more 
lasting and comprehensive partnerships. These partnerships represent a substantial 
commitment on the part of American business to improve the quality of public edu- 
cation. 

Departing from the more passive forms of business support common in the past, 
some corporate leaders are challenging schools to improve, and are willing to work 
with the schools to make improvement happen. To promote education reform, these 
leaders are sharing their expertise, resources, and their political capital. These 
school-business partners are setting high but achievable goms, working together to 
reform key elements of the school system, mobihzing community support for reform, 
and setting the agenda for education reform at the state and national levels. 
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This proactive approach is what Merck envisioned when its board created the 
Merck Institute for Science Education in 1993. A year earlier, Merck had under- 
taken an in-depth study of the problems related to student performance and partici- 
pation in science before making a long-term commitment to address this issue. 
Based on the results of the study, corporate leadership decided to focus resources 
on science education in grades K-^. The Merck Institute’s charge was to collaborate 
with teachers, administrators,, parents, community members, and Merck employees 
to improve the teaching and learning of science, beginning in local schools. 

And why does Merck fed this is so important? In the words of Merck Chairman 
Raymond V. Gilmartin, “Merck has made a serious commitment to improving 
science education because it is the lifeline of our business. Merck’s success is built 
on innovative scientific research and development, requiring scientists of the highest 
caliber whose interest in the natural world was stimulated at an early age and was 
sustained and developed throughout life.” 

THE MERCK INSTITUTE FOR SCIENCE EDUCATION 

The Merck Institute’s overall goal is to raise the levels of participation and per- 
formance in science for all students in kindergarten through 8th grade. The Insti- 
tute began its work by establishing a partnership wth four public school districts: 
Linden, Rahway, and Readington Township in New Jersey, and North Penn in 
Pennsylvania. 'Hiese sites were chosen because Merck has major facilities in or near 
these communities. 

The Institute is guided by a vision of high-quality instruction in which inquiry is 
a regular part of the classroom experience of all students. In other words, science 
teaching and learning parallel the methods used by scientists to. understand the nat- 
ural world. Student investigations of natural phenomena are at the heart of this ap- 
proach, and the purpose of these investigations is to develop the skiUs and habits 
of mind that are central to scientific inquiry. 

This type of instruction requires teachers to possess a relatively sophisticated 
knowledge of science and the teaching skills to guide and manage inquiry. In addi- 
tion, teachers need long-term . support in and outside of the classroom. . Cor- 
responding changes must be made in curriculum, instructional materials, assess- 
ment, professional development, resource allocation, and other district policies. To 
enact such changes, pohcymakers and administrators must give science greater pri- 
ority, and they must be willing to invest more to provide teachers with the time, 
support, training, and materials required. Similarly, parents must learn about and 
support the new instructional approach. Only training teachers, however, is not suf- 
ficient; a systemic strategy is necessary to achieve such fundamental changes. 

To achieve these changes, our strategy at the Institute is to simultaneously: 

• Enhance teachers’ knowledge and skills, 

• Provide instructional materials to support reform, 

• Build strong professional communities. within and across schools, and 

• Create local,. state, and national policy environments that support this vision. 

MEASURING RESULTS 

In 1992, even before the official launch of the Institute, we engaged the services 
of the Consortium for Pohcy Research in Education (CPRE) at the University of 
Pennsylvania to conduct a long-term evaluation of our work. Each year, CPRE as- 
sesses the progress of the Institute using a range of measurable criteria: student 
performance and course selection; quality of professional development; and changes 
in classroom teaching, school culture, and district policy. Institute programs are con- 
tinuaUy modified in response to CPRE’s recommendations, the considerations of the 
Institute’s national advisory board, and feedback from teachers and administrators 
in the partner school districts. 

The different roles, perspectives, and resources, that businesses can bring, to the 
task of education reform are important, but ultimately results are what really mat- 
ter. Past the midpoint of this 10-year initiative, CPRE is reporting that our work 
is taking hold. The year 2000 annual evaluation report states: 

• First, the Merck Institute’s systemic approach has worked. Science has be- 
come a priority in the partner districts. There is an inquiry-centered cur- 
riculum in place, and district leaders are actively supporting its implementa- 
tion. The districts have made changes in policy, organization, and assign- 
ments in support of our vision of science instruction. 

• Second, the Institute and its partners have not only learned how to provide 
high-quality professional development, they have learned how to provide it at 



o 



56 



considerable scale, and they have learned how to attract high proportions of 
teachers to participate. 

• Third, participation matters. The more professional development teachers re- 
ceive, the more their classroom instruction resembles the vision of good prac- 
tice advanced by the Institute. 

• Fourth, it appears that when a critical mass of teachers in a school has re- 
ceived professional development and begun to change their practice, the prac- 
tice of non-participants also begins to shift in the same direction. 

• Fifth, the strategy of using teams of leader teachers to stimulate instructional 
change across the classrooms of their schools has been a mixed success, as 
it is highly dependent on the support of the principal and the careful selection 
of leader teachers. 

• Sixth, the districts have become increasingly active in promoting the Insti- 
tute’s vision instructional reform. District staffs are now more attentive to 
how their policies and procedures affect progress. The strategic pl6uining proc- 
ess seems to have fostered increased understanding and commitment among 
central office staff. There are sighs that the partner districts have internal- 
ized some key lessons drawn from this experience and, within their resource 
limitations, are applying what they have learned in language arts and mathe- 
matics. 

• J^venth, all of this has been made easier because Merck’s reputation, exper- 
tise, and commitment to public education have enabled the Institute to influ- 
ence state policy and create an environment more supportive of the reforms. 

The eighth and final conclusion concerns the bottom line — the imorovement of 
student performance. Analyses of student performance on standardizea tests reveal 
that students who have received science instruction over several years from teachers 
who have participated in the partnership professional development outperform stu- 
dents who have heen taught Tby non-participants. These data suggest that, in the 
lon^ run, as more ^d more teachers participate in the workshops, there will be a 
positive and significant impact on student performance in science. 

LESSONS LEARNED, LESSONS CONFIRMED 

In the course of our work with partner school districts and beyond, the following 
lessons have become clear: 

• If you build good professional development programs, teachers will come. We 
have learned that thev will voluntarily take advantage of opportunities to 
learn and to improve their teaching practice — ^if the opportunities are seen as 
worthwhile. Respect for teachers’ professionalism, expertise, and experience 
results in a growing commitment by teachers to improvement. 

• Better assessment tools in science are needed. Existing measures do not ade- 
quately show the effects of better science instruction. Right now, teachers see 
improved student work in their classrooms and a higher level of student in- 
terest in science, but the available measures do not adequately demonstrate 
this change to parents, school leaders, or the public. In addition to assess- 
ments that provide good diagnostic information for teachers’ instructional 
planning, we need assessments that are persuasive to the public and policy- 
makers as well. 

• Teachers* knowledge and skills are critical factors in the classroom learning 
experience, but not the only ones. Good curriculum materials are also essen- 
tial. Teachers need access to and support in implementing standards-based 
curricula and teaching materials. They need the support and knowledgeable 
involvement of school and district-level administration, parents, and the com- 
munity. The Institute addresses these needs through resource centers fea- 
turing exemplary science education materials, Merck employee volunteer pro- 
grams, and parent involvement programs, in addition to its support of long- 
tem professional development. 

• The state policy context on incentives for change can play a pivotal role in 
stimulating instructional reform, and the Institute’s role in shaping state pol- 
icy has had a high payoff. 

KEY ELEMENTS OF SUCCESS 

There are certain salient features of the Institute’s programs that we believe are 
critical to our success: 

• Corporate reputation. Merck’s corporate reputation for high-quality scientific 
wont and high ethical standards brings credibility to the Merck Institute’s 
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work in science education: Merck’s corporate image and record of success have 
enabled us to raise difficult issues and to push hard for change. 

• Long-term commitment. Significant changes in the classroom' require a long- 

term, sustained effort on the part of corporations involved in education re- 
form. Increased teacher mobility, high turnover in administrative personnel, 
and changes in district priorities and policies threaten the reforms that have 
been accomplished. Scsding up is difficult because of the intensity of the work 
and the long timeframe for institutionalizing it. Persistence and patience pay 
off. . 

• Maintaining focus. The Institute’s core capabilities include providing high- 
quality technical assistance to teachers, maintaining constructive and collabo- 
rative relationships with partner school districts, addressing systemic issues 
that influence curriculum and instruction, aligning desired changes with state 
and national standards, and accepting accoimt^ility for its efforts. These 
strengths represent the .Institute’s focus, and just as the most effective cor- 

E orations rarely stray from their core mission, so too does the Merck Institute 
elieve that maintaining its focus is critical to success. 

• Capacity-building. Rather than do for the school districts or give to the school 
districts, we look for ways to help them use available resources to improve 
and then to build upon these successes. Of course, we provide some funding 
and a great deal of technical assistance — ^but always with the consideration 
of how school leaders may sustain and institutionalize the changes we have 
helped to effect. When teachers train other teachers — and support and advo- 
cate for the reform efforts — local capacity is increased. 

• Leveraging resources. We leverage resources and encourage our school district 
partners to do likewise. We help link them to region^ and national sources 
of expertise in science education, including the National Science Foundation. 
In 1996, NSF awarded the Institute and its partner districts a $2.4M, five- 
year award to extend and intensify its programs for teachers. In addition to 
the monetaiy benefits, this award also serves to provide external validation 
of the quality of our programs. 

• Evaluation and benchmarking of results. CPRE assesses the process of the 
Institute through measurable criteria on an ongoing basis. Each year, after 
receiving feedback from CPRE and others, we revise our strategies to work 
more effectively within a changing landscape. 

Larry Cuban, former school administrator and reform expert, noting the infuriat- 
ingly meager impact of two decades of educational reform, concludes: "'\^en all is 
said and done, more is said than done.” His argument is that most reform has been 
superficial rather than substantive, a rhetorical factor in school district central of- 
fices, state departments of education, and in various legislatures without having 
meaningful influence in the classroom. 

Noted author Seymour Sarason ap*ees: The failure < of educational reform is the 
failure to touch deeply and profoimdly the entrenched cixlture of schools. Thus, de- 
spite the millions of dollars poured into changing schools and the endless hours edu- 
cators have devoted to adopting and adapting new practices, the fact is that the edu- 
cational landscape in this country remains largely unfazed. . 

'The Merck Institute for Science Education has demonstrated its ability to row 
against this stubborn current. Science education in our partner school districts is 
no longer in the wings; instead it occupies center stage, as an emotionally engaging 
and intellectually challenging experience for students. Based on the lessons we have 
learned about education reform £md the power of collaboration, we will continue to 
build partnerships to improve student performance and participation in science until 
high-quality science education is indeed the standard for all children. 
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Chairman Smith. Thank you,. Mr. Parravano. I will start with 
the 5-minute rounds, and then we will move through. If we have 
enough time, we will maybe even consider a second round. 

In terms of partnershipping there is a great deal of evidence that 
suggests that the interest and ability of a student is somewhat de- 
termined by their home life, their parents. Have we — is there any 
suggestions, ideas, effort out there to involve parents and maybe 
the bottom-line question is should this be part of our quest in 
terms of where we go with this project and how it is conducted? 
Anybody give me a thought on an effort to involve parents in terms 
of — ^yes. Mr. Sadler. Dr. Sadler. 

Dr. Sadler. Well, one of the methods that we found to be useful 
is in our curriculum work we have a number of homework assign- 
ments where students actually interview their parents, asking 
them questions or do some particular activity with the parents to 
involve the parents in whatever science the kids are stud 3 dng. That 
seems to be highly popular, especially if the students end up know- 
ing something that their parents don’t. 

Chairman Smith. Is it — do you think it would be true? Is there 
a direct relationship toward the interest and the ability in the ef- 
fort and interest that those kids might have in science and math 
in relation to their — the parents’ concern, fear of how they did in 
math and science? Is that something that we should be looking at 
or 

Dr. Sadler. In studies that we have done there is certainly a re- 
lationship between the educational level or science education level 
of the parents and how well kids do in school. 

Chairman Smith. Dr. Parravano. 

Dr. Parravano. Yeah. 

Chairman Smith. You have a comment. 

Dr. Parravano. I was just going to add that we feel that that 
is a very, very critical area, and in fact, part of our professional de- 
velopment experiences with teachers includes working with them 
on how to involve parents. Parents can be very, very supportive of 
their child’s education. We actually have family science nights, reg- 
ularly organized nights where teachers invite parents to come in 
and actually work on the same curriculum materials that the stu- 
dents are working on. And we try to make that connection between 
school work and home as strong as possible. The area that I would 
suggest that needs the greater amount of work is in the middle 
school. There is less connection than one might like. 

Chairman Smith. And maybe that leads to my next question, and 
I will start with you, Mr. Gamer, on the next question. And that 
is do — what is the state of research or your personal experience at 
what grade levels does the first interest or excitement generate in 
math and science that tends to be carried through? 

Mr. Garner. We find the students that establish that interest in 
the early grades, K through 2, do much better in the upper grades. 
As a middle .school science teacher usually when I had students 
come xto me with that initial interest, they gained that initial inter- 
est early on in the education process. We are finding that the drop- 
off where students start to lose interest is definitely at the middle 
school level. The parental issue, what Oklahoma City Schools is 
doing to combat that right now and get more parents involved in 
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that because we continuously get the comments from parents, well, 
I wasn’t good in math or I wasn’t good in science, so my child won’t 
be. And we are establishing a partnership between the pubhc li- 
brary system to provide resources to help benefit the parents in 
helping their students with math and science. 

Chairman Smith. Well, Dr. Schaffer, what about if that is cor- 
rect, at least to some extent, are we suggesting that the K through 
5 teacher should have a degree in math and science if that is where 
the greatest stimulus comes from? 

Dr. Schaffer. I don’t know that that will always happen. I 
think 

Chairman Smith. Probably not. 

Dr. Schaffer. There are other strategies that may - work just as 
well. I think two things are important that have been said already. 
One of which is people have to have confidence in science or in 
math skills,, the teachers and the parents both. How do you get 
that? One way is to build a kind of confidence in inquiry, and I 
think a number of people have said here it is not just the content 
but a confidence in the inquiry, If you have teachers and parents 
who are interested in not, necessarily having the answers, but will- 
ing to play with the ideas I think is a very important thing. That 
also means that what we say to parents is — parents and teachers, 
not that you have to have all the answers but that you are willing 
to explore. And I think if you say to parents, you don’t have to have 
the answers for your child’s questions on science. Why don’t you go 
explore with it? Take them to the library. We have something 
called the Children’s Inquiry Conference that really deals with^ — it 
is an on-line process, and it was kind of an antidote to science fairs. 
The idea was riot to demonstrate a particular outcome but rather 
a. process by which you came to conclusions, and people just inves- 
tigated topics. And that was a strategy for involving parents and 
also teachers, who might feel less confident. 

Chairman Smith. We will move onto the Ranking Member Eddie 
Bernice Johnson. The bells means that we have 10 minutes left in 
this vote. We will go ahead with this next 5 minutes and then we 
will recess for a vote. 

Ms. Johnson. Thank you, Mr. Chairman. It seems to me that 
the challenge is first attracting teachers and then keeping them. 
Where there is a partnership are teachers more likely to be more 
attracted to the classroom, and what is the retention like once they 
are more intricately involved with the workplace? Have you seen 
that it influences teachers any? Is it the paycheck? 

Dr. Schaffer. If .1 may respond, the Maryland and actually 
North Carolina as well have , a strong partnership model that in- 
volves both the K-12 schools arid the universities and community 
colleges, and in many cases for strengthening teachers’ perform- 
ances and also their, involvement in the schools are long-term in- 
volvements of a particular student teacher or a particular intern in 
that school for a year, sometimes 2 years. So there is first of all 
a kind of welcoming involvement at that level. Second of all, and 
I will turn to North Carolina having a particular strong model in 
mentoring their teachers. And I want to add two things to it that 
could make it even stronger. 
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Mentoring in the first year is really a great deal of “how do I sur- 
vive?”, “where is the men’s room or the lad 3 ^,s room?”, and “who 
knows the most about the school?”, where the answer is the sec- 
retary and the janitor. And that is important first round but there 
is a second round which is questions such as, how do I teach photo- 
synthesis? What is the best way to get to my kids? Then we start 
to get into a content mentoring process, and I think that is the 
more difficult one but if we are going to retain people, they have 
to feel successful in the job they are doing. And I think that is one 
thing that would — that comes from a successful mentoring model. 

There is one more person involved that we tend to overlook in 
this process, and that is the principal and the administration of the 
school and the degree to wfuch they are committed to particular 
programs. I happened to see a program on technology and on lead- 
ing ed schools, and it was clear that the principal knew almost ev- 
erything there was to know about what was going on in those 
classrooms and what was going on in science, and it was clear the 
teachers respected him and respected what was going on in the 
school. That is the kind of support that is hard to get and is often 
needed. 

Mr. Garner. And to second that with experience in Oklahoma 
City only 10 percent of our principals have a math and science 
background of any type, and we are experiencing many retention 
problems in teachers within the first 3 years. And at this time we 
don’t have a partnership to combat that. What we need from the 
universities is more support for the teachers when they enter the 
classroom. 

Dr. Sadler. Well, having been a middle school math and science 
teacher I can that the classrooms are very isolated in a very iso- 
lating place, and one thing that partnerships do is they help teach- 
ers move to leadership positions in their field. Lots of teachers who 
have engaged in our programs then join professional organizations, 
start to give workshops at conferences, and involve more stimu- 
lating curriculum materials in their classrooms. So it helps them 
see beyond the problems in their own classroom. 

Dr. Parravano. Yeah. And if I could just add that in addition 
to partnerships within a school building, let us say, partnerships 
external to the school or external to the district are iso, I think, 
very, very useful and play an important role. School districts are 
somewhat notorious for having lots of leadership changes and lots 
of changes in priorities and so on. An external partner such as the 
Merck Institute can really serve as an anchor, can really serve to 
maintain a very sharp vision, a very sharp focus for teachers. 

Ms. Johnson. How extensive are your partnerships with Merck? 
Do you primarily work with those schools that are located where 
you are located? 

Dr. Parravano. Yeah. What we decided was that in the initial 
period we were going to work with school districts that are located 
in areas where Merck has its major facilities. And the plan is to^ 
really work over a long term with these school districts, identify 
some of the key lessons, some of the key issues, and then replicate 
those efforts. 

Ms. Johnson. Thank you. 
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Mr. Ehlers. Grentlemen, this time has expired. We have to go 
very shortly.. There is not time for me to do 5 minutes of ques- 
tioning but I am going to ask you a very short question which is 
going to take a very long answer. And so we won’t expect the an- 
swer today but we would like to — I would like to have you put it 
in writing. 

If you were sitting in my place as a Member of Congress and 
were developing . a program to spend $200 million per year to im- 
prove the nation’s elementary and secondary science programs, how 
would you spend that money? 

The second question is exactly the same question except $500 
million instead of $200 million. If you would take a look at that 
and send written response to the Committee for the record, I would 
very much appreciate that. And that — it may have much more rel- 
evance than you think it might have because that is exactly the 
question that we are facing right now. With that I will have to call 
a recess until we conclude our votes, and we will return. Com- 
mittee stands in recess. The Subcommittee will reconvene 

[Whereupon, the. Subcommittee recessed, to reconvene the same 
day.] 

Chairman Smith [continuing]. Would call on Mr. Etheridge. 

Mr. Etheridge. Mr. Chairman, thank you, and I appreciate , the 
testimony that each of you have given, especially yours, Mr. 
Gamer 

•Mr. Garner. Thank you. 

Mr. Etheridge [continuing]. Having been out there recently 
where the rubber meets the road as my wife reminds me when I 
go home with starting to agree with things and talking about what 
it is going to take to improve math and science education in this 
coimtry . 

Let me approach you from a little different viewpoint if I may, 
so you will understand where I am coming from rather than get to 
specific questions. I served as State Superintendent for the State 
of North Carolina for 8 years working very hard to improve math 
and science, a state that has had some success in a number of 
areas but as you have indicated we still have a long ways to go. 
I think we, as a nation, has no more important long-term tasks 
than to improve the technological literacy of our people through 
math and science and a number of other areas. Last week and 
again just this morning NASA Administrator, Dan Goldin, told this 
Committee that in the first quarter of this century America’s eco- 
nomic success and standard of living will be driven by the integra- 
tion of nano-technology, biotechnology, and information technology. 
Pretty big issues but they can’t go an)rwhere unless we do what you 
have been talking about. 

So that being said I think that is an extraordinary challenging 
statement when you think about how far we have to go, grow and 
go academically to get there in the next 25 years if we are going 
to make those opportunities a reality for the American people. But 
I really believe this transformation has already stated to taking 
place. We hear all the horror stories but I think it is taking place 
already. Right now. more Americans make computers than make 
cars. More Americans make semiconductors than construction ma- 
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chinery. And more Americans spend their days processing data 
than refining petroleum. So we have made a step in that direction. 

Our economic competitiveness, though, depend on our ability to 
upgrade the skills of our workers. Okay. Those in the public schools 
as well as those who are already out there because we have to im- 
port workers through the HB— 1 VISA. You may not be familiar 
with that but a lot of folks are. Because Americans cannot domesti- 
cally produce the kind of workers we need with the skill levels we 
need, and we are looking to the public schools and universities to 
get there as we look at this technologically-based demands that the 
industry has. And at the same time the digital divide is growing 
when we think about our Afiican-American, Latino, and the rural 
people in this country. Whatever state you may be in, be it North 
Carolina, that rural divide is growing, and I think that is indispen- 
sable and economically it is unsustainable if we are going to get to 
where we need to get to as a country. 

I know that is more of a statement than a question but I want 
to ask each of you if you will to comment. If the scale of the pro- 
posals that we are considering that you have talked about, each in- 
dividually, are an 3 nvhere near the magnitude that they need to be 
to meet the kind of challenges that we are hearing. Because I think 
we are dealing with issues on the edges when the challenge is so 
much greater than where we are, and we aren’t putting the re- 
sources behind what we need to put it behind to get to where we 
need to get to. It is easy to talk about a few dollars but I think 
this issue is far greater than what we are talking about, and I hope 
you will comment on that. Whoever wants to start. 

Dr. Sadler. I can start. I agree with you that the problem is not 
just educating the elite but educating all the kids in the country. 
And the question about how big — what is the impact of this size 
program, a $200 million a year program, that is a lot of money to 
build models and test which ones work so that they can be ramped 
up and scaled up. But if you divide $200 million by the 50 million 
kids who are in K through 12, that is only $4 a kid, and that is 
probably not going to be enough to have the effect that you want 
to have. Even at $500 million. 

Dr. Schaffer. I would add to that that one of the things that 
seems very critical to me was — has come up as the notion of col- 
laboration. And what I see is getting everybody going in the same 
direction on some of these things so that you get a kind of synergy 
on the model, whether it is business, K-12 education, or higher 
education as three players in this partner. And I am actually going 
to use a North Carolina piece right here. 

One of the things that amazed me about North Carolina’s edu- 
cational system has been the capacity to line up not just K-12 but 
all the way through the university system with enormous effort be- 
tween the public, the State Department of Public Instruction and 
the university system, which probably produces 90 percent of the 
teachers, to have a collaborative, ongoing model that looks at this 
very directly and focuses on it. And then a.lso delivers specific re- 
sources when needed like the science and math centers that are at 
six of the state imiversities in North Carolina. I think that kind of 
clear, state-focused model that seems to organize the entire state 
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in a direction is very powerful. i In Maryland , the redesign of edu- 
cation is one that probably comes as close to that as well. 

So the — I think these lands of collaborative models are critical to 
getting a large success and a long-term success'. : 

Mr. Garner. I believe in looking at the Feder^ funds coming 
into K-12 districts, particularly Oklahoma City Schools and the 
State of Oklahoma as a whole. I am hesitant in saying this know- 
ing where I am at but it may not be a* lack of resources. It may 
be more of a lack of concentrated effort for what the resources are 
there for. You know, we have the Title II funding, the Title I fund- 
ing, all of these NSF funding, all of these resources that could be 
utdized for systemic reform in math and science and in improving 
in that realm but many times those are not coordinated in a sys- 
temic manner, in a manner in which the goals are common. They 
go off in different directions. 

I think there needs to be a refocus at the national level to make 
sure that those things are focused on common goals. 

And another thing is tapping into the enormous potential that is 
out there in students. When you look at the gap between minority 
and non-minority students, many times that is ignored because it 
is such a negative but all of that gap represents the imtapped po- 
tential that is out there in our kids that could be taking some of 
these jobs, and they are veiy capable of doing it. Just for some rea- 
son we haven’t gotten there. 

Dr. Parravano. Yeah. And I would just like to add a few things. 
One is that I feel that eventually once the models are proven and 
up and running and the figures that have been discussed here like 
200 million or 500 million are likely not going to be enough, but 
I would also like to say that I think this Subcommittee could have 
a very, very important impact on other items in addition to re- 
sources. And let me just veiy briefly mention two of them. 

One is— one of them is commitment, and that is not something 
that money can buy. 

Mr. Etheridge. Sustained commitment. 

Dr. Parravano. Sustained commitment. And the other one I 
have actually been reading while I have been here and that is 
where there is no vision the people perish. That is up there on the 
wall. Vision is not something that money can buy but vision is 
something that this coimtr 3 r’s leaders can certainly instill in all of 



Mr. Etheridge. Mr. Chairman, thank you for being so generous 
with your 5 minutes. If I may have one more 30 seconds I would 



Chairman Smith. We will take it out of Mr. Israel’s time but that 
is all right. Go ahead. 

Mr. Etheridge. I would say that someone commented earlier as 
we were talking about yoimgsters, “I think all young children are 
scientists.” I have seen it at the veiy early age. They are excited, 
they are energized, they deal with it, and I think we, all of us, have 
a challenge in. this area to not let it diy up and wane as they move 
to middle school. I think that is one of our great challenges. Tliank 
you. 

Chairman Smith. And Mr. Etheridge, you know, it is delighted 
to add additional time. Part of your comments coming out of your 
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5 minutes certainly are a good testimony with yoxir experience that 
is helpful as we pursue this. Mr. Israel, for any comments or ques- 
tions. 

Mr. Israel. Thank you, Mr. Chairman. I will be very brief. My 
question is directed at Dr. Schaffer, although if any of the other 
panelists would like to add some insights I would appreciate it. I 
am very intrigued with the Urban Teacher Education Program, and 
I appreciate the work that is being done. It is an important pro- 
gram in recruiting math and science teachers to under-represented 
areas but there is a flip side to that equation. Right now 44 percent 
of America’s student population is Afiican-American, Latino, and 
yet 15 percent of America’s teachers are African-American, Latino. 
Are we doing anything in order to increase the percentage of tradi- 
tionally underrepresented populations in the classroom as far as 
teachers, particular math, science teachers? 

Dr. Schaffer. That is a very good point. And the answer to it 
is we could do much more than we are. I think the first thing is 
that actually the recruiting in that particular Urban Teacher Edu- 
cation Program has, although not focused on Baltimore alone, has 
had a strong focus and an attempt to bring in folks from the local 
neighborhoods into programs. And I think that is one way that 
they have tried to encourage people to work actually very much 
near where they are living and to involve people in the African- 
American community and Latino community into the teacher edu- 
cation programs and into the science and education programs. 

This is also difficult. We have to get people with resources, per- 
sonal resources, personal capacity in the area of science and mathe- 
matics or we have to grow it, and that is the other thing we have 
been trying to do as well. I think the 2 + 2 + 2 Program is another 
way where you start with high school children or high school stu- 
dents and younger to start talking about it is good to be a scientist, 
it is good to a mathematician. It is also good to be a teacher of 
mathematics and science as well. And that is valuable. 

It is interesting. Some of you may know who Freeman Hrabowski 
is. He is the president of University of Maryland Baltimore County, 
and I have listened to him speak. He is Afncan-American. His in- 
terest is in young African-American youth and their involvement in 
science and mathematics. That is his strength, and he has added 
now to his talks a statement, how many of you want to become 
teachers, because I think it is starting to become critical not just 
to have science and mathematicians but how are we going to get 
them if we don’t have teachers to teach them. And so I think that 
is that leadership issue, that communication issue is critical in 
speaking to those crowds. 

So 2 + 2+2 I think is helpful. Gretting — working with teachers to 
start enticing people into our own fields and as teachers and then 
third, resources in a different way, and I talked about a package. 
If we are going to move people from being scientists to being teach- 
ers of science, how do we get them to make that transition? How 
do we train them, fund them while they are doing that, and then 
supporting them once we have got them. I think that is a big area 
that we heed to work on, whether they have been engineers or they 
have been actuaries or whatever they have been previously. 
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Dr. Sadler. As a professor of education I have had a lot of Afri- 
can-American and Hispanic students who became teachers and also 
scientists who became teachers. One of the most disturbing ele- 
ments about choosing teaching as a profession for someone who has 
got expertise in science, math, or engineering, is that they earn 
half as much money as a teacher as they do in the market. And 
I don’t see schools changing in pa3dng teachers more in these fields 
of math and science. There are a lot of reasons for that which I 
don’t agree with but it doesn’t look like that happens in very many 
places. Perhaps a Federal role would be more loan forgiveness for 
these students who graduate from a college canying tens of thou- 
sands of dollars in loans. That may be a way for the Federal Gov- 
ernment to help subsidize this movement of people with good 
science and math backgrounds into this profession. 

Mr. Israel. Thank you. This is an issue that I know that many 
people are very interested in, and I look forward to working on it 
with you as well as the members of the Subcommittee under the 
leadership of the Chairman and Ranking Member. Thank you, Mr. 
Chairman. 

Chairman Smith. Mr. Ehlers. 

Mr. Ehlers. Thank you, Mr. Chairman, and I thank you for your 
courtesy. Just a quick comment on the pay issue, I have been advo- 
cating throughout this country as I speak that we have to have a 
pay differential. It makes absolutely no sense in a country which 
is founded on the principle of free enterprise and is devoted to a 
market economy to say that this works in every profession except 
teaching. You are quite right. The pay differential is almost a fac- 
tor, too, and I don’t think you have to pay twice as much because 
teaching has many attractions, a sense of fulfillment that you don’t 
find and other things. But clearly if you are expecting people at a 
high rate of pay to come and teach and you want to compete with 
the market, you have to offer more than existing wages. We do 
have loan forgiveness already. That doesn’t reach everyone because 
the very poor and the very rich don’t have loans. The poor have 
grants. The rich has parents, and it is only the in-between who get 
the loans. I have — one of my bills provides a tax credit, which 
would apply to everyone, and that may be a solution, too, although 
it is very hard to get tax credits through Ways and Means. But cer- 
tainly this is something we have to address. Dr. Parravano, I ad- 
mire the program that you have developed, and the four, I think 
it is four school districts you haye. 

Dr. Parravano. Correct. 

Mr. Ehlers. Three in New Jersey, one in Pennsylvania. 

Dr. Parravano. Correct. Yes. 

Mr. Ehlers. And that is excellent. There are other programs 
that have been developed across the country, either by chemical 
firms, pharmaceutical firms, by local efforts by national labora- 
tories, and I think they are all admirable. I face two questions in 
trying to write legislation that will affect the whole nation. First 
of all, how do we propagate the good ideas arid the good programs? 
Secondly, how do we coordinate these nationally? How do we make 
teachers aware of them even if they can only be used as a supple- 
mentary program as part of another curriculum? And I have come 
up with an answer but I am not totally happy with it. I would be 
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very interested in hearing your comments as a group about how we 
can handle this. We have NASA, we have DOE, we have a corpora- 
tion such as yourself all producing xinits of science. How do we co- 
ordinate and propagate these 

Dr. Parravano. Uh-huh. 

Mr. Ehlers [continuing]. Good programs? 

Dr. Parravano. Yeah. Well, I think — let me take those two ques- 
tions separately. I think that coordination is a very, very difficult 
issue, and I know that on our scale, that is, that what we have 
been really tr3dng to do is to work with other like-minded corpora- 
tions to share some of the lessons that we have learned, to share 
strategies, but also to really try to coordinate the offerings of our 
programs so that we really don't try to replicate each other. And 
to the extent possible we have used infrastructures that are al- 
ready out there. We have tried not to reinvent the wheel so to 
speak and to come up with a coordinating council of our own. So 
for example, we have had the National Science Resources Center, 
which is located here in Washington, and it is an entity that has 
been — that is part of the National Academy of Science in the 
Smithsonian. They have been very, very effective in coordinating 
corporate efforts in science education. So perhaps highlighting that 
and encouraging companies to become part of that might be one 
way of doing it. 

I think the other part of your question is how do we encourage 
other companies to do this. Well, I think, you know, part of our 
role, and when I say our role, my role at a company like Merck and 
my counterparts at other companies, we feel very, very strongly, 
and we spend quite a bit of our time in going out and talking with 
other companies and other foundations about our strategies, the 
fact that a long-term commitment, a focused commitment is very, 
very critical. 

So we have been very concerned about getting other companies 
to commit to the same level that we have, and we are in our own 
way really trying to deal with that. So I think that your concerns 
are very good ones, and we would be more than willing to work 
with you on how to bring these to a greater scale. 

Mr. Ehlers. Do you trade ideas with the — ^with other firms in- 
cluding those in the field as to how you are doing it and how they 

are doing it and try to come up with 

Dr. Parravano. Oh, absolutely. 

Mr. Ehlers [continuing]. Something else? 

Dr. Parravano. Every chance we get both formally and infor- 
mally. And I think that it is important to point out that this is a 
fairly new way of doing business between businesses because in the 
past businesses have been fairly protective of how they work in 
particular areas or in particular partnerships but now we all real- 
ize that the problems are far greater, than any one of us can solve. 
And there is also a greater realization of what is working. So why 
not trade that information? Why not share it? 

Mr. Ehlers. Thank you. My time has expired. 

Chairman Smith. It would seem that there is so many spokes to 
this wheel, and we are trjdng to improve one of those spokes that 
make the wheel stronger and more complete because in terms of 
our ability to make our communities a better place to live, work, 
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and raise our kids is going to depend partially or significantly on 
increasing productivity. And productivity as even Alan Greenespan 
has acknowledged comes from research and the development of 
that research. And so we are ultimately interested in keeping, en- 
couraging science and math in K through 12 but then some kind 
of a motivation that is going to allow them to go to school and not 
take the $50,000 job that a lot of engineers can get with a Bach- 
elor’s right now and stay in the field of science in research and that 
endeavor. 

Let us assume for a moment that we are able to come up with 
excellent types of lesson plans, demonstrations in the early years 
of school, different grade levels. How do we make it most easy on 
the — tr^ng to distribute what we have learned and the good things 
that might add to a teacher’s abihty to motivate students? How do 
we disseminate that? Should we have conferences? Should there be 
some of the great lesson plans and techniques of demonstration 
that might be on the internet? Briefly a comment from each one 
of you, maybe starting with Mr. Parra vano. 

Dr. Parravano. Yeeih. I think just one aspect that has been very, 
very effective. We were fortunate awardees of a National Science 
Foundation grant, part of their local systemic change grant. And as 
part of the award we were more than encouraged, we really were 
required to use National Science Foundation fonded instructional 
materials. These are very, very high quality materials, and we in- 
corporated them into our professional development program and 
made sure that the teachers had available for them when they 
went back to school in September the same instructional materials. 

So making that connection between the professional development 
programs and the high quality instructional materials part of a 
grants program I think was a brilliant stroke. 

Mr. Garner. One thing that we are doing as part of our Urban 
Systemic Program is trying to establish a network of teachers 
throughout the State of Oklahoma and hopefully expand from 
there. Every time that we have the opportunity to get teachers in 
a room together to share ideas on effective practices, it is over- 
whelming what the result is because the teachers in isolated areas 
seem to know effective ways to teach. We don’t provide them 
enough opportunity to share those ideas and work with other 
teachers, gain new ideas and share the ones that they have. 

Another thing going back to the partnerships we have deyeloped 
good partnerships with Sharp Electronics, who is providing some 
resources that they have available to them in graphing calculators 
for math classes. Also Lucent Technologies and the National 
Science Resource Center have teamed up. We need to have a mech- 
anism in place to get the resources from Merck, Lucent, National 
Science Resource Center to get them more focused in one direction. 
It seems like every corporate foundation has their own agenda, and 
we need to get a more common goal out there or set of goals. 

Chairman Smith. And certainly that is another question. Your 
success in areas that we can bring business and industry in to par- 
ticipate and help fimd some of these efforts because it is in the long 
run in their best interest but Dr. Schaffer on — maybe on both ques- 
tions. 
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Dr. Schaffer. Well, the first thing is I think there are a number 
of very fine materials. Many of them are NSF-fiinded materials 
that are very beneficial to teachers. The difficiilty is many of them 
are unaware of those materials 'and have not had the time really 
to study them or think about them. Time is really an enemy of the 
classroom teacher. They are very short in every area. There are 
significant demands on their time. Finding time for them to sit 
down, work through, talk through their own ideas and those of 
very strong programs, be they business programs or university de- 
veloped programs, I think is a critical piece of this. It is kind of 
a Cadillac model in a way but to give people that kind of time but 
to respect them as professionals and their own develop I think has 
got to be built into a system so that they can explore and they can 
develop. 

A second piece of this is in many ways, and this is not true of 
National Science Foundation materials, but there are many mate- 
rials out there in science but there is probably better information 
on which refrigerator you might buy than on which science pro- 
gram you might use. And I think that is an issue that we have not 
addressed as weU as we could. 

Chairman Smith. Well, and certainly having two daughters that 
teach and a wife that taught time is pretty crucial and now even 
more so with so many teachers not only being teachers but coun- 
selors and babysitters. It is 

Dr. Schaffer. And mentors and many other things. 

Chairman Smith. Dr. Sadler. 

Dr. Sadler. Yes. Well, I am committed to a free market ap- 
proach to dissemination of these quality materials. I know that 
many teachers learn about these materials when they go to na- 
tion^ and regional conferences, and if the Federal Government 
could subsidize some of these teachers to attend these conferences, 
that would probably help a lot. They will meet other teachers who 
use these materials and can learn a lot from that. 

Also, we have had lots of teachers on sabbatical at our research 
center where they work with scientists, usually on some edu- 
cational problem, and those kinds of sabbaticals we award from our 
grants but there could be a national program. 

In addition, institutes for teachers, we usually run several every 
summer but to comment on something Dr. Ehlers said earlier 
about tax credits, one of the added costs of being a science teacher 
in the United States is that every science teacher I know spends 
at least $1,000 out of pocket every year at the hardware store or 
supermarket. Radio Shack to buy materials that don’t get into the 
budget in the — for their school department, for their science de- 
partment. It would be nice if they could actually get some tax cred- 
it for those out-of-pocket expenditures. 

Chairman Smith. We have 3 minutes left on this vote, Veron, so 
very quickly. 

Mr. Ehlers. Okay. Just very quickly. If they would simply get 
the school to reimburse them and they then contribute the money 
back to the school, they get a receipt for a tax-deductible contribu- 
tion. You could also deduct the materials but they might not get 
credit for it when they — if the IRS audits. 
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Chairman Smith. (Jentlemen, with your permission we would 
like to be allowed to send you additional questions that haven’t 
been asked but we have got two more votes ahead of us right now, 
and so I am going to adjourn this Subcommittee with our tharik.t! 
for your efforts today. And we will let the record show that the wit- 
nesses nodded when — ^they agreed to 2 uiswering questions, addi- 
tional questions by mail. Gentlemen, thank you again, and we will 
be talking to you. With that the Subcommittee is adjourned. 

[Whereupon, at 3:35 p.m., the Subcommittee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses submitted by David Gamer, Director, Urban Systemic Program, Okla- 
homa City Schools, Curriculum and Instruction Department 

Question 1: 

During the . question and answer portion of our hearing, you commented that a lack 
of resources may not be as problematic cls the lack of concentrated effort or a set of 
common goads for existing resources. Could you provide an example of the difficulties 
imposed by fragniented resources? Also, could you recommend ways to better align 
program priorities and goals without creating programs that are so closely aligned 
that they become duplicative efforts. 

Response: 

An example of how federal resources are fragmented is the National Science 
Foimdation (NSF) and Eisenhower programs, both of which focus on math and 
science reforms. As director of an Urban Systemic Program funded by the NSF and 
former coordinator of Oklahoma City Public Schools’ Eisenhower programs, I see 
many possibilities for collaboration and inclusion among these programs. In many 
cases, which are evident in the goals of the two programs, these are duplicative ef- 
forts and still do not provide adequate resources to support professional develop- 
ment at the level needed. Both of these programs const^tly encourage school dis- 
tricts to converge resom*ces provided through each of the two programs. 

However, a single program with a single vision of support for math and science 
teachers is much more realistic and attainable. In addition, although the programs 
encourage convergence at the district level, that convergence is not evident at the 
national level where the funding originates. 

An example of the impact of duplicative efforts is that they require excess admin- 
istrative functions at the district and state levels. For instance, states receive fund- 
ing for Eisenhower professional development for programs at the district and higher 
education levels; however, both programs focus on training for K-12 math and 
science teachers, both pro^ams require separate evaluations and data collection, 
and both require additional clerical tasks at the district, state and higher education 
levels. In addition, the National Science Foundation pro^ams for promssional devel- 
opment require an even greater amount of administrative and clerical responsibil- 
ities at the district level. A solution must emphasize a **single” program to focus on 
math and science teacher support at the K-12 level. This support can and should 
include partnerships between the K-12 and higher education entities, but must 
focus on the K-12 level providing continuous professional development opportunities 
for teachers with a reduction in bureaucratic^ requirements. 

The fragmentation of programs and resources is evident in federal funding oppor- 
tunities. Rather than fimding literally hundreds of programs and reform enbits, it 
would be much more beneficial to focus on a single goal or vision to provide support 
to teachers who educate the children. A quick glance at the funding opportunities 
available through the NSF and Department of Education illustrates my point. There 
are literally hundreds of funding opportunities available, yet very few oi them focus 
on systemic change and teachers at the classroom level. In fact, most focus on polit- 
ical agendas that are non-sustainable and produce little or no results in improved 
student learning. Improving student learning through training and support of our 
teachers should be the emphasis of these pro^ams. This involves quality training 
programs, additional teacher mentors, improving teacher pre-service programs, les- 
son and curriculum development, and networking opportunities for teachers. 

Question 2: 

Which are the most important years in the life of a child for stimulating a life-long 
interest in science? Is there an age at which this interest typically wares and what 
can be done to maintain student interest in science through adulthood? 

Response: 

Based on research and professional experiences I have foimd that science, not un- 
like reading and mathematics, is found stimulating to children at a very young age. 
In fact, at birth a child begins the first steps of scientific discovery when he or she 
is constantly utilizing the senses to relate to the world surrounding him. The young- 
er the child, especially those vital pre-kindergarten years, the easier it is to stimu- 
late the child’s interests and learning abilities. 

The stimulated interest in science is much easier to attain at the early childhood 
levels. However, this stimulus is possible at later grade levels if the child experi- 
ences a high quality science learning experience. Thus, the key to attaining and sus- 
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taining student interest in science is the quality of the science program throughout 
the Pre— K— 12 experience. This “quality^’ program must include challenging dis- 
cover, inquiry, in-depth content, and hands-on experiences at every grade level. It 
is this type of quality instruction that gains the students’ interest in the subject £ind 
it’s when the child experiences the “lecture/text” approach to science instruction that 
interest wanes. Therefore, national science reform efforts must have a systemic 
focus and provide service for all students, all teachers, and at all grade levels. 

Unfortunately, the concern about when children are motivated through science 
education is not addressed when many other education decisions are considered. For 
instance, we know that the early childhood and primary levels are prime opportuni- 
ties for gaining student interests in science, however decisions are being made at 
national and state- levels which de-emphasize science in our elementary programs. 
Primarily, the focus at these crucial levels is on reading and math due. to testing 
programs that only test math and reading, and the lack of funding opportunities to 
support true systemic reform in science throughout the K-12 experience. This in no 
way should imply that math and reading are not critical subject areas but that 
science must be equally emphasized as an integrated approach for applying the 
reading and math skills to solve problems, analyze everyday experiences to make 
quality decisions, and master reasoning skills. 

To further emphasize this point, I recommend the committee consider the impact 
of many state testing programs in which science is not emphasized at the elemen- 
tary level. In these states, such as Oklahoma and others, science education is placed 
on the back burner and that crucial window of opportunity to gain student interest, 
is reduced or eliminated. Evidence of this trend is constantly observed in review of 
how much time is allocated for science instruction at the elementary level compared 
to time allocated for math and reading. 

In closing, I appreciate the opportunity this committee has provided for me to 
have input into these very important decisions and ask that you contact me if any 
clarification or further information is needed. As I follow the education decisions 
being made at the national level I become very concerned that many of these deci- 
sions are being considered in isolation from each other, when, in fact, all of the fed- 
eral education programs should be Signed and/or combined to better serve the 
schools. Successful programs, such as the NSF’s Urban Systemic Program, are being 
eliminated while others that have had insignificant impact on student learning are 
being considered for continued funding. I urge this committee and Congress to care- 
fully review and align all programs to focus on student learning and sustainable 
systemic change for all children. 
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Answers to Post-Hearing Questions 

Responses submitted by Dr, Carl Parravano, Executive Director, Merck Institute for 

Science Education 

Questions Submitted by Chairman Nick Smith 

1. In your testimony, you listed key elements to the success of your program includ- 
ing long-term commitment, a sharp and unwavering focus, an emphasis on build- 
ing capacity, and the constant attention to evaluation and benchmarking of re- 
sults. Could you provide a more detailed explanation of the way in which your 
program has built increased capacity! 

From its inception, the Merck Institute has taken an activist and systemic 
proach to the reform of science instruction, going far beyond the provision of funds, 
volunteers, and materials, to develop the capacity of its partner school districts to 
support implementation of good instructional practice and high academic standards. 
The Institute has helped its partners review and purchase new instructional mate- 
rials for science. It has provided high-quality professional development and techmcal 
assistance. It has worked with partner districts to align school and district policies 
governing curriculum, assessment, professional development, accoiintability, and re- 
source allocation. 

In addition to the work at the district level, MISE has actively sought to create 
a more supportive environment for the work with its partner districts, by partici- 
pating in tne development of state standards and curriculum frameworks, engaging 
in public outreach, and networking with other business-school partnerships, thereby 
broadening the base for reform. 

MISE has also encouraged its partner districts to think strategically about their 
science pregrams by asking each district to prepare an annual action plan describ- 
ing their efforts to improve K-8 science education. MISE programs including profes- 
sional development, as well as committees addressing specific issues such as assess- 
ment, have provided the opportunity for teachers within the districts to take on 
leadership roles and develop expertise in specific areas. 

The instructional materials and review process, ability to provide professional de- 
velopment, realigned policies and frameworks, broadened base for refonn, strategic 
focus, and leadership abilities are now integral parts of the districts involved and 
they contribute to the increased local capacity to improve science education. 

Could you share information on the benchmarks by which you evaluate the success 
of your programs! 

MISE charges the Consortium for Policy Research in Education (CPRE) with the 
task of evaluating its proCTams ^ using measurable objectives and providing con- 
tinuous, formative feedback. CPRE was asked to document MISE's efforts, struggles, 
and successes bemnning in 1992 and publishes its findings in an annual report. 

CPRE collects both qualitative and quantitative data to track changes in science 
education in the four districts. Special emphasis has been placed on how the part- 
nership with MISE has evolved, now successful it has been in stimulating reforms, 
the degree to which it has enhanced local capacity to improve science education in 
the four districts, and the extent of improvements in student achievement and par- 
ticipation in science. 

Nine sets of questions were framed that address the following topics: 

1. Partnerships: the extent of agreement in shared notions and expectations for 
the partnership 

2. Vision: the extent of agreement on what is “good” science education 

3. Capacity: change over time and factors influencing capacity 

4. Professional Development: needs, opportunities, and quality 

5. Pedagogy: what changes take place, how it is affected by policy 

6. Student Effects: attitudes, interest, and achievement in science 

7. Program and Policy: what changes are made and success in implementation 
of changes 

8. Context: surrounding environment’s effect on the partnership, priorities and 
changes 

9. Parent and Community Support: science education as a priority, material in- 
vestments 

CPRE uses a variety of data sources to conduct its work. These include interviews 
with classroom teachers, and school and district administrators; observations of 
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classroom lessons; surveys of the entire popfulation of science and math teachers and 
school principals; obseiyations of partnership professional development activities; at- 
tendance at partnership meeting and functions; and interviews witii MISE staff. 

Specific ev^uation tools are used for the more quantitative data collection. Class- 
room evaluation, for example, is based upon the classroom observation protocols pro- 
vided as part of the National Science Foundation’s Local Systemic Change (LSC) ini- 
tiative. Observers have strong subject-matter content experience and undergo class- 
room observation training. Partnership-wide surveys are developed by Horizon Re- 
search as part of the national evaluation of the LSC initiative. Student effects are 
measured using state assessment data from New Jersey, the Stanford 9 achieve- 
ment test for £ul 5th and 7th grade students, and course enrollment and participa- 
tion in upper-level courses at the high school level. Evidence of policy changes and 
strategic planning is also collected via a document review. Thus, each area that is 
being reviewed has a distinrt procedure for evaluation and a tool that compares the 
<nirrent status to the past history in that area, and also to the status of that aspect 
in other districts, in the state, and/or in the nation as a whole. 

2. Which are the most important years in the life of a child for stimulating a life- 
long interest in science? 

It is quite difficult to pinpoint the exact age at which a child’s interest in science 
originates or at what age that interest becomes a lasting part of a child’s life. How- 
ever, research suggests that even in early childhood, ages 3 to 5, children are capa- 
ble of some fom of scientific thinking — asking questions with their natural curi- 
osity, formulating h)rpo theses, observing the world around them, and forming con- 
clusions. The results of one study suggest “that the perception of science as an ap- 
propriate or inappropriate field or study is developed before the age of nine.” 

Is there an age at which this interest typically wanes? 

According to the Third International Mathematics and Science Study (TIMSS), 
test scores confirm that American middle school students perform above average in 
sdence, but their performance decreases dramatically by the time they graduate 
high school. While test scores do not necessarily directly indicate interest in science, 
it is clear that somewhere during the junior high and high school years, student in- 
terest in science decreases as well. The causal relationship between interest and 
achievement is still unclear. 

What can be done to maintain student interest in science through adulthood? 

While no single method can be used to maintain this interest, a variety of factors 
seem to increase science participation and enthusiasm. During early chil^ood, both 
formal and informal science experiences have been shown to increase the likelihood 
that students will be attracted to science coiirses in the future. During the elemen- 
tary and junior high years, parental involvement, quality teachers with high enthu- 
siasm for science, science competitions, and informal science emeriences such as 
museums, can all help to increase interest. In high school and college, high quality 
teachers and instructors, competitions, and scholarships may maintain student in- 
terest. And at all levels a student’s self-efficacy in science will have a great affect 
on student interest and participation. 

Questions Submitted by Chairman Vernon Ehlers 

i. If you were developing a program to spend $200 million per year to improve the 
nation*s elementary and secondary science programs, how would you spend the 
money? 

Middle school science and mathematics are two areas that are in great need of 
improvement. Large numbers of teachers in these areas are inadequately prepared 
for their positions due to a lack of content knowledge. It would be worthwhile to 
offer sabbaticals for educators to obtain a master’s degree in related content fields 
in exchange for a commitment to teach in a middle school for 5 years. ITiis would 
not only increase the Quality of teaching, but would also address attrition at the 
middle school level, which is a serious problem in urban schools. If half-salary 
sabbaticals were offered (assuming school districts would pick up the other half), 
then 5,000 sabbaticals would cost approximately $200 million. If tnis were done for 
5 years, 25,000 additional well-trained educators would be added to the teaching 
force in a critical area. 

What if you could spend $500 million instead of $200 million? 

It might also be worthwhile to consider state grants that would enable institu- 
tions of higher education to develop graduate level courses that would focus on the 
math and science content included in the curriculum of the public schools. Currently 
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it is difficult for teachers who lack this content background to find appropriate 
courses at universities— especially courses in mathematics. There are few incentives 
for institutions or faculty to develop such courses. This could be a $50—100 million 
investment. 

Funds could also go towards the creation and support of state incentive pro^ams 
encouraging undergraduates to pursue teaching careers in mathematics and science. 
These programs might range from scholarships to loans. 

There is an obvious need for stable sources of professional development in all of 
the states. Matching grants for the development and operation of professional devel- 
opment initiatives in mathematics and science womd be an appropriate use of 
fimds. This suggestion could easily use all available funds. ’ 

Since assessment drives so much of the curriculum, investing in better state 
science assessments and developing banks of performance assessment items that the 
states and/or local districts could tap into would be a worthwhile expenditure. This 
initiative might use $50-$100 million. 
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